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S (57) Abstract: The present invention is a 

lover, sculpted fabric for the manufac ore 
of a tissue web having a t.ssue contacting 
surface and a method for making such a woven 
sculpted fabric. The tissue contacting surface 
of the woven sculpted fabric includes at least 
a first group of strands and a second group 
ofrulndswheroinmefiratgroupofs^ds 

extend in a first direction and the second group 
of strands extend in a second direction. The 
first group of strands are adapted to produce 
eievaL floats and depressed sinkers thereby 
defining a three-dimensional fabric surface 
compriLgiafirst background region havinga 

set of substantially parallel first elevated float 
separated by a set of substantially parage 
first depressed sinkers, comprising fin 
depressed sinkers positioned between adjacent 
first elevated floats and composing fits 
elevated floats positioned between ^ent 
first depressed sinkers; a second .background 
region having a set of substantially paral e 
second elevated floats separated by a set 
— = of substantially parallel second depressed 

firat depressed sinkers ofthe first background region. 
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FABRIC FOR USE IN THE MANUFACTURE OF T.SSUE PRODUCTS HAVING 
VISUALLY DISCERNABLE BACKGROUND TEXTURE REGIONS BORDERED 
BY CURVILINEAR DECORATIVE ELEMENTS 



BACKGROUND 



The present invention relates to the field of paper manufacturing. More 
particularly, the present invention relates to the manufacture of absorbent tissue 
products such as bath tissue, facial tissue, napkins, towels, wipers, and the hke. 
Specifically, the present invention relates to improved fabrics used to manufacture 
absorbent tissue products having visually discernible background texture regions 
bordered by curvilinear decorative elements, methods of tissue manufacture, 
methods of fabric manufacture, and the actual tissue products produced. 
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In the manufacture of tissue products, particularly absorbent tissue 
products, there is a continuing need to improve the physical properties and final 
product appearance. It is generally known in the manufacture of tissue products 
that there is an opportunity to mold a partially dewatered cellulosic web on a 
15 papermaking fabric specifically designed to enhance the finished paper product's 
physical properties. Such molding can be applied by fabrics in an uncreped 
through air dried process as disclosed in U.S. Patent No. 5,672.248 issued on 
September 30, 1997 to Wendt et al., or in a wet pressed tissue manufacturing 
process as disclosed U.S. Patent No. 4,637,859 issued on January 20. 1987 to 
20 Trokhan. Wet molding typically imparts desirable physical properties independent 
of whether the tissue web is subsequently creped, or an uncreped tissue product is 
produced. 

However, absorbent tissue products are frequently embossed in a 
25 subsequent operation after their manufacture on the paper machine, while the 
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dried tissue web has a low moisture content, to impart consumer preferred visually 
appealing textures or decorative lines. Thus, absorbent tissue products having 
both desirable physical properties and pleasing visual appearances often requ.re 
two manufacturing steps on two separate machines. Hence, there is a need to 

5 combine the generation of visually discemable background texture regions 

bordered by curvilinear decorative elements with the paper manufacturing process 
to reduce manufacturing costs. There is also a need to develop a paper 
manufacturing process that not only imparts visually discemable background 
texture regions bordered by curvilinear decorative elements to the sheet, but also 

10 maximizes desirable physical properties of the absorbent tissue products without 
deleteriously affecting other desirable physical properties. 

Previous attempts to combine the above needs, such as those disclosed in 
U.S. Patent No. 4.967.805 issued on November 6. 1990 to Chiu. U.S. Patent No. 
15 5,328,565 issued on July 12, 1994 to Rasch et al., and in U.S. Patent No. 
5 820,730 issued on October 13. 1998 to Phan et al.. have manipulated the 
papermaking fabric's drainage in different localized regions to produce a pattern in 
the wet tissue web in the forming section of the paper machine. Thus, the texture 
results from more fiber accumulation in areas of the fabric having high drainage 
20 and fewer fibers in areas of the fabric having low drainage. Such a method can 
produce a dried tissue web having a non-uniform basis weight in the localized 
areas or regions arranged in a systematic manner to form the texture. While such 
a method can produce textures, the sacrifice in the uniformity of the dried tissue 
web's physical properties such as tear, burst, absorbency. and density can 
25 degrade the dried tissue web's performance while in use. 

For the foregoing reasons, there is a need to generate aesthetically pleasing 
combinations of background texture regions and curvilinear decorative elements in 
the dried or partially dried tissue web. while being manufactured on the paper 
30 machine, using a method that produces a substantially uniform density dried tissue 
web which has improved performance while in use. 
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Numerous woven fabric designs are known in papermaking. Examples an 
provided by Sabut Adanur in Paper Machine Clothing, Lancaster, Pennsylvania: 
Technomic Publishing, 1997, pp. 33 - 113. 139 - 148,159 - 168, and 21 1 - 229. 
5 Another example is provided in Patent Application WO 00/63489, entitled Taper 
Machine Clothing and Tissue Paper Produced with Same," by H.J. Lamb, 
published on October 26, 2000. 



SUMMARY 



10 



The present invention comprises paper manufacturing processes that may 
satisfy one or more of the foregoing needs. For example, a paper manufacturing 
fabric of the present invention, when used as a throughdrying fabric in an uncreped 
tissue making process, produces an absorbent tissue product having a 
1 5 substantially uniform density as well as possessing visually discernable 

background texture regions bordered by curvilinear decorative elements. The 
present invention is also directed towards fabrics for manufacturing the absorbent 
tissue product, processes of making the absorbent tissue product, processes of 
making the fabric, and the absorbent tissue products themselves. 

20 

Therefore in one aspect, the present invention relates to a fabric for 
producing an absorbent tissue product with visually discernible background texture 
regions bordered by curvilinear decorative elements comprising: a woven fabric 
having background texture regions formed by MD warp floats alternating with MD 
25 warp sinkers woven into a support structure (i.e.. at least a single layer of CD 
shutes) below the MD floats; the warps and shutes at the borders of the 
background texture regions are arrayed to form transition regions comprising the 
curvilinear decorative elements. 

30 In another aspect, the present invention relates to a method for 

manufacturing an absorbent tissue product with visually discernable background 
texture regions bordered by curvilinear decorative elements comprising: forming 

3 



WO 03/040450 



PCT7US02/33225 



the wet tissue web. partially dewatering the wet tissue web, rush transferring the 
wet tissue web. wet molding the wet tissue web into a fabric having visually 
discernible background texture regions bordered by curvilinear decorative 
elements, and throughdrying the web. 

5 m an additional aspect, the present invention relates to a tissue product with 

background texture regions bordered by curvilinear decorative elements that form 
aesthetically pleasing repeating patterns comprising: visually discernable 
background texture regions of MD ripples, ridges, or the like, corresponding to a 

1 0 image of the background texture regions of the fabric, bordered by curvilinear 
decorative elements, corresponding to an image of the curvilinear transition 
regions of the fabric, where the curvilinear decorative elements in the tissue web 
are visually distinct from the background texture regions in the tissue. 

15 Unlike U.S. Patent No. 5.672,248 issued on September 30. 1997 to Wendt 

et al.. where the warp knuckles are closely spaced or contacting and arranged into 
patterns, the present invention produces the curvilinear decorative elements in the 
absorbent tissue product at a substantially continuous transition region which 
forms borders between background texture regions. The curvilinear decorative 
20 elements comprise geometric configurations with the leading end of one or more 
raised MD floats adjacent to or in proximity to the trailing end of another raised MD 
float. The decorative pattern consists of the visually discernable background 
texture regions, such as corrugations, lines, ripples, ridges, and the like, and the 
curvilinear decorative elements which form transition regions between the 
25 background texture regions. It is the arrangement of the transition regions in the 
present invention that provide the decorative pattern. Because the curvilinear 
decorative elements are produced at the transition region (rather than from a 
decorative pattern resulting from shoulder to shoulder or side by side positioning of 
warp knuckles of other fabrics) the raised MD floats can be purposely distributed 
30 more uniformly across the sheet side surface of the fabric to improve the uniformity 
and CD stretch properties of the tissue web with respect to physical properties 
while still imparting a distinctive texture highlighted by curvilinear decorative 
lements as a decorative pattern to the tissue web. In addition, becaus the 
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patterns than possible in the fabrics disclosed ,n U.S. Paten. 

The Aground texture regions are designed to impart ^ «T 
ineD y . Qn .,rTADthroughdrying fabric, including roll 

curvilinear transfcn regions, priding the decorative effect 

,n nne aspect of the present invention, the curvilinear decorative elements 

=s===s=£ 

relationship at a given one-sheet caliper. 

,„ some embodiment. a» of the noats,or elevated reg to ns, in a bacKground 

.gion are sunounded by slnKers ,o, dapreased regfcns,. * *. p-£ 
, ^an^adiacent to a transition region or fabnc edge, and all of the 

region or fabric edge. 
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tmLDEr P ,oT,n M OF THE DRAWINGS 

5 and accompanying drawings where: 

FIGURE 1 A is a schematic diagram of one embodiment of the fabric of the present 
invention. 

invention. 

FIGURE 2 is a schematic digram of one embodiment o, the fabric o, the present 
15 invention. 

F , GURE 3,sacross^o»ona,vie W o,oneembodim,n,o„he f abhco„hepresen. 

invention, 
invention. 

F1SURE 5 is a cmss-secdona, v*w o, one embodiment o, .he fabrfc o, the present 
invention. 

invention. 

FIGURE 7 is a schem* diagram o. a surface pro* and comes^ing materfa. 
30 laso f oneembCimen«o,.he,abrfco,.hepresen„nven« ra n. 
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FIGU R E 8isacross-seCiona 1 vie»ofone em bod 1 n 1 n. of the fabric ofthe present 
invention. 

FKUR^isaschemarJcdiagramof one embodiment of .he fabric of .he present 
5 invention. 

FIGURE 10 is a CADEYES display screen shot of a putty impression of one 
embodiment of the fabric of the present invention. 

10 FIGURE 11 isaCADEYESdisplayscreenshotofdriedtissuemoldedonone 
embodiment of the fabric of the present invention. 

FIGURE 12 is a CADEYES display screen shot of dried tissue molded on one 
embodiment of the fabric of the present invention. 

1 5 FIGURE 13 is a CADEYES display screen shot of dried tissue molded on one 
embodiment of the fabric of the present invention. 

FIGURE 14 is a CADEYES display screen shot of dried tissue molded on one 
20 embodiment of the fabric of the present invention. 

FIGURE 15 is a CADEYES display screen shot of dried tissue molded on one 
embodiment of the fabric of the present invention. 

25 FIGURE 16 is a CADEYES display screen shot of a putty impression of one 
embodiment of the fabric of the present invention. 

FIGURE 17 is a CADEYES display screen shot of a putty impression of one 
embodiment of the fabric of the present invention. 

30 FIGURE 18 is a schematic diagram of one embodiment of the fabric of the present 
invention. 
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FIGURE 19 is a schematic diagram o, one embodiment of the fabric of the present 
invention. 

FIGURE 20 is a schematic diagram of one embodiment of the fabric of the present 
5 invention. 

FI GURE2Haaachema.icdiagramofoneembc<lin«n.of.hefabncof.hepresen. 

invention. 

10 F.GURE22isaschema«cdia a ramofoneembodimen.of.hefabricc < «hepresen, 
invention. 

FIGURE 23 is a CADEYES display screen shot of a putty impression of one 
embodiment of the fabric of the present invention. 
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FIGURE 24 is a CADEYES display screen shot of a putty impression of one 
embodiment of the fabric of the present invention. 

F.GURE 25 isaschematic diagram of one embodiment of the fabric of the present 
20 invention. 

FIGURE 26A is a schematic diagram of one embodiment of the fabric of the 
present invention. 

25 FIGURE 26B is a schematic diagram of one embodiment of the fabric of the 
present invention. 

FIGURE 26C is a schematic diagram of one embodiment of the fabric of the 
present invention. 

30 FIGURE 26D is a schematic diagram of one embodiment of the fabric of the 
present invention. 
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FIGURE 2*E is a schematic diagram o, cna embodiment of the fab* of the 
present invention. 

FIGURE 2T is a schematic diagram for making an uncreped dried tissue web in 
6 accordance with an embodiment of the present invention. 

FIGURE 28 is a photograph of one embodiment of toe fabric of the present 
invention. 

10 F ,GURE29isaphotographoft h eairsideofadnedtiss U ewebmadeusingone 
embodiment of the fabric of the present invention. 

FIGURE 30 is a photograph of the fabric side of a dried tissue web made using 
one embodiment of the fabric of the present invent.on. 

DEFINITIONS 

As used here., "curvilinear decorative element" refers to any line or 
vH* pattern toe, contains enher straight section,, curved secdons. or ***** 
are Jstontotllyconnectertvisually. Thus, a decorative 
circles may be formed from many curvilinear decorative elements shaped into 
dr des. sidy, a pattern of squares may be formed from many —a r 
d ecora«ve elements shaped into Individual squares. I. is understood that 
cun*ear decorative elements also may appear as undulating lines, substonto* 
lied dually, forming signatures or padems as well as muKple warp muted 
with single warp to generate textures of more complicated patterns. 

Also as used herein -decorative pattern- refers to any non-random 
repeal design, figure, or motif. It is no. necessary that the curvilinear decoratore 
30 Iments Jrecognr^e shapes, and a repeal design o, the crv„,naar 
decoraave elements is considered to console a decoratrve pattern. 
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M used herein, the tern, f. a." means an unwoven or non-intenooking 
porttonofawarpemeraing from the topmost .yer o, shu.es .ha. spans a.leas,two 
consecutive shutes of the topmost layer of shu.es. 

As used herein, a "sinker means a span of a warp <ha. is generally 
depressad relative to adiaoan. ft*, former having .wo end regions bo.h of wh,oh 
pass under one or more consecutive shutes. 

As used hecein. "nrachlne-diraction- or "MD" refers to ma direcfion of .rave, 
rffirefabric. me febrtc, ,ndiv M ua, sfiands. orthe paperweb while r^mraugh 
.he paper machine. Thus, me MD .as, data tor .he fis.ua refers to the fis^e s 
phyla, praperties in a sampie a* lengthwise in .he machine^ S,m„ady. 
■cross-machine dlrecdon" or "CD" refers to a direcfion orthogonal to me 
m achine<lirecfion extending across me w«fin of fine paper maohme. Thus. me CD 
tes. data for .he .issue refers to ma .issue's physical properties in a sample oul 
tangmwise in me crass-machine direcfion. In addition, fine stands may ba 
arranged a. acu.e angles to me MD and CD directs. One such arrangem * . 
d Jbed in "Rolls of Trssue Sheets Having Improved Properties". Burazm e. 
EP1 ,og 969 A1 which published on June 27.2001 and incorporated harem by 
20 reference to me extent it is not contradictory herewith. 

As used herein, "plan, diffarance" refers to me z-direcfion height deference 
betwaen an elevated region and me highest immediately adjacen. 
region. Specific*, in a woven fabdc. me plane deference is ma z-drracfion hergh. 
25 dLnceba^eenaftoa.andmehighes.immedia.elyadiacen.sinkerorshu.e. 

Z-direction refers to me axis mutually orthogonal to .he machine direcfion and 
cross-machine direction. 

As used herein, transfer fabric" is a fabric mat is posflioned between me 
30 forming secfion and me drying sacfion of the web manufactoring process. 

As used herein. "wnsiHon region" is defined as me in.arsec.ion of mree or 
raore floats on mree or nx>,e consacofiva MD sfiands. The .ransilion regions ere 
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formed by deliberate Interruptions in the textured background regions. Which may 

be arranged in an overlapping intersect or in a non-overlapping mtersecbon. 

As used herein, a filled- transition region is defined as a transition regton 
where the space between the floats in me transition region is partiaily or 
comply filed with matedai. raising the height in the transition area The filling 
material may be porous. The «ing material may be any o, the matenals discussed 
trereinanerforuseintheomslructionoffabdcs. The filling matedai may be 
substantially deforce, as measured by H«h Pressure Compresses Compliance 
(defined hereinafter). 

As used herein, the term W can be understood as a strend substantially 
oriented in the machine direction, and -shut.- can be understood to refer to the 
strends substantially oriented in the crass-machine director of the fabric as used 
on a papermaohine. The warps and shutes may be interwoven via any known 
fabric memod of manufacture. In the product of endless fabrics, the normal 
orientation of warns and shutes. according to common weaving terminology. « 
reversed, but as used herein, the structure of the fabric and not its method of 
manufacture determine which strands are dassffied as warps and which are 
shutes. 

As used herein "strand" refers a substantially continuous filament suitable 
for weaving sculptured fabrics of the present invention. Strands may include any 
known in the prior art. Strands may comprise monofilament, cabled monofilament, 
staple fiber twisted together to form yarns, cabled yams, or combinations thereof. 
Strand cross-sections, filament cross sections, or stable fiber cross sections may 
be circular, elliptical, flattened, rectangular, oval, semi-oval. trapezo,dal. 
parallelogram, polygonal, solid, hollow, sharp edged, rounded edged, b.-.obal, 
multi-lobal, or can have capillary channels. Strand diameter or strand cross 
sectional shape may vary along its length. 
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As used herein WNMf refers to M> or more strands arranged side 
by side or twisted tegeurer. is no. necessary for each side-b»-sk,e strand ,n a 
JuMrand group to be woven idenfically. For exampJe. indivK.ua! stands of a 

sinker regions or fransfcn regfons. As a further example, a a«gla mulb-eband 
Lndsin.hefabrtc.bu.a.poss^e.oroneormoreaa.ndsirtantu^nd 
gra up to depart from the remaining s,rand(s, over a ape* dietence and serve, for 
example, as a float or sinker independently of the remaining s.rand(s). 

' as used herein, Trader air permeablifty refers to .he measured value of 

ofafabnc is measured as sta-xiard cubic fee. of airflow per square too. of mafenal 
per minufewHh an air pressure d«e re r,ia 1 o,0.5inohes(t2.7mm)o.wa.eruder 

5 standard conditions. The fabrics of the present invention oan have any suable 
Frazier air payability. For example, thoughdtying fabrics can have a 
permeabiirty from about 55 stendard cu«c fee. par square foot par minute , (about 
6 stendard cubic ma.ers per square ma.er par minute) or higher more, pecto»y 
torn abcxt. 100 etendani cubic fee, per square foot per minute (about 30 stendard 

20 cubiomaterspers,uaremeterparminute).oabou.1,700stendardcubic.ee«per 

square foot per minute (about 520 stendard cubic meters per square meter per 

per minute (about 60 standard cubic meters pe, square meter per m,nute> to about 
, .500 standard cubic feet per square foot per minute (about 460 stendard cubrc 
25 meters per square meter per minute). 

nFTAILED DESCRIPTION 



The Process 

30 Referring to FIGURE 27, a process of carrying out the present invention will 

be described in greater d tail. The process shown depicts an uncreped through 
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dried pnocess. but t « be recognized met eny known papermaking mernod or 
Ceding mediod can be used in con,un*n w«h ft. fabrics o, .he prese 
ZtionReletedunorepedm^gheirdr^essuepro^aredesc.bed.n 

U sTa en. No. 5.656,132 issued on August 12. 1997 to Farnngton e. a. and ,n 
, US No. 6,017,17 issued on January 25. 2000 to Wend, e. al. Bolb 
eatents era herein incorporated b, reference to Ihe extent they a« no. 

bearing iayer usefui for making uncreped dirough a,r dned .rssue products are 
^ctoL n U.S. Paten. No. 5.429.686 .sued on July 4. 19g51o Chru e. a I. also 
„ eltorporaled by reference to the extent » is no. centred^ herewdh. 
Erla^I^sforthep^uc^onofcrepedhssueandoaterpeperproducte 

Closed in US. Patent No. ,855,739. issued on January 5, ,999 to Ampu . ■ 
e ai- U S Patent No. 5,897,745, issued on April 27, 1999 to Ampulski et al., US. 

„ ,972.613 issued on October 26. 1999 to Pole, e, a, U .S. P*en 

issued on April 2, 1996 to Trokhan et al.; U.S. Patent No. ,935.381, rssued on 
rssueo on «p 4,529.480. issued on July 16. 

nimist 10 1999 to Trokhan etal, U-Sfatenirw.-..^ 

August 10, ,99 4 61 4,345.issuedonApril30,1985toJohnson 
1985 to Trokhan; U.S. Patent mo. M- 

e,a,- U.S. Patent No. 4,528.239. issued on July 9. ,985.oTrok*.n US Paten, 
20 r,098,522.iseuedon M aroh24,1992.oSr™rrkos W eta l , US.PatenlNo. 

260 ,7, . issued on November 9, ,993 to Smurkoskie, a, 

a ■1QaAtnT^nkhan• U S. Patent No. 5,3Zo,odo, 
5 275 700, issued on January 4, 1994 to Trowian. u.o. 

Mgus. 2. 1994 to Trokhan e. at. ; U.S. Patent No. 5,431 ,766, ,ssu«. «. u 11 . 
26 igLp.asctne.ai, U.S. Palem No. 5.496.624. .sued on Mar* 5 1« to 
S,e,liesJr.e.al,U.S.Pa.en.No.5.o00.277.iseuedonMar*1 9 ,1996to 

Troln e, a, U.S. Paten, No. 5,5,4,523, .sued on May 7, 1996 to Trokhan * 
Lu S. Paten, No. ,554.467, .sued on September ,0. ,996. to Trokhan eta, 
as. Patent No. 5.56,724. issued on October22. 1996.0 TroWiane *U* 

6 010,598. issued on January 4. 2000 to Boutrlrer et al.; and, U.S. Patent No 
5 628,876, issued on May 13, 1997 to Ayers e, a,., the spe*a„on and darms o. 
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wW, are incorporated heroin by r ference te the extent .ha. .hoy ate no. 
contradictory herewith. 

,„ Flg „re 2T, a M. wire former » having a papermaking hoadbox 10 iniects 
or aopl a abeam ,1 o, an agueous suspense o, papermaking «bers onto a 

, Fourennlere. roe, formers each aa suction breast roll formers, and gap termers 
such as Win wire formers and crescent formers. 

Thewettissueweb 15formaon«te inner terming fabric 13 asth. .inner 
foxing fabric 13 revolves about a formingroll 14. The inner femangfabnc 13 
5 support and carry the n^-formed we. tissue web 1 5 — "»*• 

ZL as Z we. tissue web 15 is partially dewatered to a convene, o, abou 
7^" based on the dry weigh, o, me tibers. Add»na, dewatering of me we, 
,T web 1 5 may be earned out by known paper making teohmgues. such as 

!0 Z7s Thewe.essueweb15maybeadd,«ona»ydewa.ered,oacons B tencyo. 
rLLl20%,n. re spec to nybe^enabout20%teabou.40%.and™ re 

ctfeair, about 20% to abc, 30%. The we, tissue web 15 Is th— red 
1 ,he inner terming fabnc 13 te a .ranefer fabdc 17 trevelmg prefere* a, a 
siower speed man me Inner fonning fabnc 13 in under te rmpar, mcreased MD 
25 sbetch into the wet tissue web 13. 

The we, .issue web 1 5 is men transferred from ,he transfer fabnc 17 to a 
mroughdrying fabric 19 whereby me we, (issue web 15 preferably ,s 

30 ™„,m m aid o, a vacuum transfer rei, 20 or a vacuum transfer 

ImshoelO. ..oasi.d.lhe.hroughd^ingtebhcigcanbenrna.aspaod 
Zln me speed o, me transfer fabric 17 ,o termer enhance ^etehoHhe 
resulting absorbent tissue product 27. The transfer is preferably earned out with 
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vacuum assistance to ensure conformation of the wet tissue web 1 5 to the 
topography of the throughdrying fabric 19. This yields a dried tissue w b23 
having the desired bulk, flexibility, CD stretch, and enhances the visual contrast 
between the background texture regions 38 and 50 and the curvilinear decorative 
5 elements which border the background texture regions 38 and 50. 

In one embodiment, the throughdrying fabric 19 is woven in accordance with 
the present invention, and it imparts the curvilinear decorative elements and 
background texture regions 38 and 50, such as substantially broken-line like 

10 corduroy, to the wet tissue web 15. It is possible, however, to weave the transfer 
fabric 17 in accordance with the present invention to achieve similar results. 
Furthermore, it is also possible to eliminate the transfer fabric 17, and transfer the 
wet tissue web 15 directly to the throughdrying fabric 19 of the present invention. 
Both alternative papermaking processes are within the scope of the present 

1 5 invention, and will produce a decorative absorbent tissue product 27. 

While supported by the throughdrying fabric 19. the wet tissue web 15 is 
dried to a final consistency of about 94 percent or greater by a throughdryer 21 and 
is thereatter transferred to a carrier fabric 22. Alternatively, the drying process can 
20 be any noncompressive drying method that tends to preserve the bulk of the wet 
tissue web 15. 

In another aspect of the present invention, the wet tissue web 15 is pressed 
against a Yankee dryer by a pressure roll while supported by a woven sculpted 

25 fabric 30 comprising visually discernable background texture regions 38 and 50 
bordered by curvilinear decorative elements. Such a process, without the use of 
the sculpted fabrics 30 of the present invention, is shown in U.S. Patent No. 
5.820,730 issued on October 13, 1998 to Phan et al. The compacting action of a 
pressure roll will tend to densify a resulting absorbent tissue product 27 in the 

30 localized regions corresponding to the highest portions of the sculpted fabric 30. 

The dried tissue web 23 is transported to a reel 24 using a carrier fabric 22 
and an optional carrier fabric 25. An optional pressurized turning roll 26 can be 
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. i <h* dried tissue web 23 from the carrier fabric 22 to the 

has been non-compressively dried, thereby 
0n ce ft. we, web 15 asbeen ^ ^ ^ ^ by 

Pal, No. 4.919.877 isseed on Apr.. 24, 1990 to Persons e, a, 

, n an allemaave embodinren, no. shown, the wet 9ssue web 15 may be 

15 andthetransferfabnc17enminareo ares hown in FIGURES 1A, 

^ rai5 ad MD Cloa* 50. and *MM , |ess 

1B . a. 9 , and 25. The „ .sh Iranslerred, 

tan me inner formin, fabric 15 such that are we, <-» 

crepln* miorocreping. or eny o,her metood Known „ ,he an. 

Di fferen.aiveloo«»,rans ( er from one ( ah*,oano,her can follow ,he 

30 L— 

No. 5,667,636, issued on September 16, 1997 to t g 

5,830,321, issued on Nove.berS, 1998 ^^^.^ 
4,440.597,issuedonA P ril3.1984toWellsetal., U.S.PatentNo 

1£ 
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j 1 1 c patent No. 4,849,054, issued 
issued on November 5. 1985 to Weldon; and, U.S. Patent 

0 nJuly18,1989toKlowak. 
microcreping. 

:= === -—sr- 

7 w nH «,n be used with any known tissue making process that 
; drying fabncs and can be used w,tn y ^ ^ used jp 

employs throughdrying, the fabncs 30 of the present n 

2L process. Saco ma*ods can M vadaffcns coming any ona 
0 ^a of th. following staps in any feasibla combinaUon: 

present invention; 

. Lforrnallonorwebdawatatlngbyfoanvbaaedprocaaaas.auchas 

30 dawatanng. or wbanain foam . «W fo - «W» P ^ 
January 12, 1993 to Janda, and U.S. rateni inu. , 
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15, 2000 to Munerelle et al., both of which are herein incorporated by reference 
to the extent they are not contradictory herewith; 

differential basis weight formation by draining a slurry through a forming fabnc 
having high and low permeability regions, including fabrics of the present 
invention or any known forming fabric; 

rush transfer of a wet web from a first fabric to a second fabric moving at a 
slower velocity than the first fabric, wherein the first fabric can be a form.ng 
fabric, a transfer fabric, or a throughdrying fabric, and wherein the second fabnc 
can be a transfer fabric, a throughdrying fabric, a second throughdrying fabnc, 
or a carrier fabric disposed after a throughdrying fabric (one exemplary rush 
transfer process is disclosed in U.S. Patent No. 4,440,597 to Wells et al, here.n 
incorporated by reference to the extent it is not contradictory herewith). where.n 
the aforementioned fabrics can be selected from any known suitable fabnc 
including fabrics of the present invention; 

application of differential air pressure across the web to mold M into one or more 
of the fabrics on which the web rests, such as using a high vacuum pressure .n 
a vacuum transfer roll or transfer shoe to mold a wet web into a throughdrying 
fabric as it is transferred from a forming fabric or intermediate carrier fabnc, 
wherein the carrier fabric, throughdrying fabric, or other fabrics can be selected 
20 from the fabrics of the present invention or other known fabrics; 

. use of an air press or other gaseous dewatering methods to increase the 
dryness of a web and/or to impart molding to the web. as disclosed in U.S. 
Patent No. 6096169, issued on August 1, 2000 to Hermans et al.; U.S. Patent 
No 6 197,154, issued on March 6, 2001 to Chen et al.; and, U.S. Patent No. 
6 143,135. issued on November 7, 2000 to Hada et al., all of which are herein 
incorporated by reference to the extent they are not contradictory herewith; 
drying the web by any compressive or noncompressive drying process, such as 
throughdrying. drum drying, infrared drying, microwave drying, wet pressing, 
impulse drying (e.g.. the methods disclosed in U.S. Patent No. 5.353.521, 
issued on October 1 1 . 1994 to Orioff and U.S. Patent No. 5,598.642. issued on 
February 4. 1997 to Orioff et al.). high intensity nip dewatering. displacement 
dewatering (see J.D. Lindsay, "Displacement Dewatering To Maintain Bulk," 
PaperiJa Puu, vol. 74, No. 3, 1992. pp. 232-242). capillary dewatering (see any 
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ofU .S.PatentNo, 5.598.643; 5.701.682; and 5.699.626. a«. of which issued 
to Chuangetal.), steam drying, etc. 
• v ™tina soraving or otherwise transferring a chem.cal agent or 

Lnound a silicone agent, an emollient, a skin-wellness agent such as aloe 
rest a ^Ibia, a 9 en« such as «. acid, an odor-^rol agent, a 
72* agent, a sHng agent; a p*— » • - 

No. 5.871 .763. issued on February 16. 1699 to e 

5.716.692. issued on February 10. 1996 to Warner e a, OA* 

5 573.637, issued on November 12. 1996 to Ampulsk, e. al US. Patent 

5 607 880 issued on MarC4. 1997 to McAteeelal, U.S. Patent No. 

6 6 43 588.issuedon J u,y1.1997toRoee.al, U.S. Patent No. ' 
^ on July 22. 1997 to KrzysiK e, al, U.S. Paten, No. 5.990.377 result on 

Z2.*™«™**^*™^£772 

Ju ,y 13. 1 993 to Walter e, a,., each of which is mm incorporated by reference 

D to the extent they are not contradictory herewith; 

. impnn.ngtoewebonaYanKeedryeroromersoiidsurface.wherern^web 

Zslfabncuralcanhavedenecuoncondunsfopeningslandelevated 

als. a surface such as the surface of a Yankee dryer to transfer the web 
,5 Zl fabric to the surface, thereby impeding densflcalton to ^oneoHh 

seiectively densHied web can ba creped from or othen»rse removed nom the 
. c^'aiewebf^admmd^r.op^lWa^applicauono.a^ 

3„ agent such as latex to one or more sides o. tee web. as exempli by 

^sd^osed,nU.S.Pa,en, N o.3,79,5, te suedon A pn2Z1975to 

Gen«1e e. al, U.S. Patent No. 5.885.418. issued on March 23. 1M to 
Mderson e. al, U.S. Paten. No. 6.149.768. Issued on November 21 . 2000 to 
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Hepford, a» of which are harain incorporated by rafarance to ma extent may are 
not contradictory herewith; 
. Lping with serrated crepe blades <e.g., see U.S. Paten. No. W« -ad 
on March 23. 1999 to Marinack at at.) or any othar known creping or 
foreshortening method; and, 
. converting the wab w«h known operators such as calendering, embossing, 
slitting, printing, forming a multiply structure having two. three, four, or more 
piles, putting on a ro,l or in a bo, or adapting for other dispensing means, 
packaging in any known form, and the like. 

The fabrics 30 of the present invention can also be used to impart texture to 
eiriald webs, either serving as a substrate for forcing a web, for embossing or 
imprinting an ainaid web, or for thermal molding of a web. 

Fahric Structure 

Figure 1 A is a schematic showing the relative placement of the floats 60 on 
the paper-con.ac.ing side of the woven scolpted fabric 30 according to the present 
invention. The floats 60 consist of the elevated portions of the warps 44 (strands 
substantially oriented in the machine direction). Mot shown for ctarfly are the 
shutes (attends substantially oriented in the cross-machine direction) and 
depressed portions of the warps 44 interwoven wflh me shutes. but it is understood 
met the warps 44 can be continuous in the machine direction, periodically nsmg to 
se,ve as a float 60 and then descending as one moves horizontally in the portion of 
i the woven sculpted fabric 30 schematically shown in Figure 1 A. 

,„ a flrst background region 38 of me woven sculpted fabric 30, the floats 60 
define a flratelavated region 40 comprising M elevated strands 41. Between 
each pair of neighboring first elevated strands 41 in ma first background region 38 
0 i S afir 5t dapresseoregion42.Thadepressedwarps44lnmef,rs.depressed 

region 42 are not shown for clarity. The combination of machine-urrecuon onented, 
alternating elevated and depressed regions forma a flrst background texture 39. 
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,„ a second M*^ region 50 o,fhe woven sculpted fabnc 30. there are 
J — . ■ MM* a second elevated region 52. Between each 

and 54 forms a second background texture 51. 

Between the M backgraund regkm 38 and me seoor. background regkrn 
50 ,s a transport zone 62 vrhera the Ooats 44 from etther the firs, background 
re l 38 or .he second backgrcund region 50 descend to become ankers (no. 

or depressed regfcns 54 and 42 in the second background rag,on 50 or 
^ground »gion 38. respect. In the — region 52, ends or 
1 2 ng seohons d the ttoats 80 from different background fexttrre regto^ 
and 50 olfap, oreaeng a .exttrre compnsing adjecen. to* 80 rather man Ore 
« ^cond backgmund .enures 39 and 51 wh*h have al.ema«ng fe* » and 
2 JL« -epled regions42 and 54, respective*. Thus, -he ,rans*on 
4ion 82 providesavisuallydia.inc.ivein.errup.on^eora.and second 

.exttrres 30 and 51 o, Ore M a* second background regrons 3 an. 

direo.tonso.her.hansoielythemachinedl.ecuono.en^nof.hefloa.soo. 
Figure 1 A. me transition region 62 forms a curved diamond pattern. 

- The overall visual effect created by a renting untt cell comprising , *. 

curvilinear transport retfon 62 of Figure 1 A is shown in Figure IB. which dap « 
ZZ conttnuous Iransttion regons 62 forming e repeafing wedding nng pattern 
of curvilinear decorative elements. 

Ffcure 2 depicts a portkm of a woven sculpted fabric 30 made according to 
,„a present—. In ft. portion, the three shu*s 45a. 45b. and 4* ,« 

um. rh. six .varus 44a - 44f. A transition region 62 separates a first 
interwoven with the six warps 44a 4». bac koround 
background region 38 from a second background regton 50. The first backgroun 
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regi0 n 36 has M etevafed strands 41.. 41b. and 41c which define the first 
elevated regions 40a, 40b. and 40c. and Ore firs, depressed strands*.. «b. and 
43c which define Ore first depressed regtons 42 (only one of which ,s labeled). The 
alternation between Ore first elevated regkrns 40a. 40b. and 40c and the first 
depressed regions 42 creates a first background torture 30 in Ore first background 
region 38. 

Likewise, the second background region 50 has second elevated strands 
53a 53b and 53c which define the second elevated regions 52a, 52b. and 52c. 
and'the second depressed strands 55a. 55b. and 55c which define the second 
depressed regions 54 (only one of which is labeled). 

The alternation of second elevated regions 52a. 52b. and 52c with the 
second depressed regions 54 creates a second background texture 51 in the 
second background region 50. The warps 44a. 44b. and 44c forming the first 
elevated regions 40a. 40b. and 40c in the first background region 38 become the 
second depressed regions 54 (second depressed strands 55a. 55b, and 55c) .n 
the second background region 50, and visa versa. 

In general, the warps 44 in either of the first and second background region 
38 and 50 alternate in the cross-machine direction between being floats 60 and 
sinkers 61 , providing a background texture 39 or 51 dominated by machine 
direction elongated features which become inverted (floats 60 become sinkers 61 
and visa versa) after passing through the transition zone 62. 

Three crossover zones 65a, 65b. and 65c occur in the transition region 62 
where a first elevated strand 41a, 41b, or 41c descends below a shute 45a, 45b, 
or 45c in the vicinity where a second elevated strand 53a, 53b, or 53c also 
descends below a shute 45a, 45b, or 45c. In the crossover zone 65a. the warps 
44a and 44d both descend from their status as floats 60 in the first and second 
background regions 38 and 50, respectively, to become sinkers 61 , with the 
descent occurring between the shutes 45b and 45c. 
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The crossover zone 65c differs from the crossover zones 65a and 65b in 
that the two adjacent warps 44c and 44f descend on opposite sides of a single 
shute 45a. The tension in the warps 44c and 44f can act in the crossover zone 
65c to bend the shute 45a downward more than normally encountered in the first 

5 and second background regions 38 and 50, resulting in a depression in the woven 
sculpted fabric 30 that can result in increased depth of molding in the vicinity of the 
crossover zone 65c. Overall, the various crossover zones 65a, 65b. and 65c in 
the transition region 62 provide increased molding depth in the woven sculpted 
fabric 30 that can impart visually distinctive curvilinear decorative elements to an 

1 o absorbent tissue product 27 molded thereon, with the visually distinct nature of the 
curvilinear decorative elements being achieved by means of the interruption n the 
texture dominated by the MD-oriented floats 60 between two adjacent background 
regions 38 and 50 and optionally by the increased molding depth in the transition 
region 62 due to pockets or depressions in the woven sculpted fabric 30 created by 

1 5 the crossover zones 65a, 65b, and 65c. 

The first and second depressed strands 43 and 55 can be classified as 
sinkers 61 , while the first and second elevated strands 41and 53 can be classified 
as floats 60. 
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The shutes 45 depicted in Figure 2 represent the topmost layer of CD 
shutes 33 of the woven sculpted fabric 30, which can be part of a base layer 31 of 
the woven sculpted fabric 30. A base layer 31 can be a load-bearing layer. The 
base layer 31 can also comprise multiple groups of interwoven warps 44 and 
shutes 45 or nonwoven layers (not shown), metallic elements or bands, foam 
elements, extruded polymeric elements, photocured resin elements, sintered 
particles, and the like. 

Figure 3 is a cross-sectional view of a portion of a woven sculpted fabric 30 
30 showing a crossover region 65 similar to that of crossover region 65c in Figure 2. 
Five consecutive shutes 45a - 45e and two adjacent warps 44a and 44b are 
shown. The two warps 44a and 44b serve as a first elevated strand 41 and 
second elevated strand 53, respectively, in a first background region 38 and a 
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second background region 50, respectively, where the warps 44a and 44b are 
floats 60 defining a first elevated region 40 and a second elevated reg.on 52, 
respectively. After passing through the transition region 62 and crossing over the 
shute 45c in a crossover region 65, the two warps 44a and 44b each become 
sinkers 61 as the two warps 44a and 44b extend into the second background 
region 50 and the first background region 38, respectively. 

In the crossover zone 65, the two adjacent warps 44a and 44b descend on 
opposite sides of a single shute 45c. The tension in the warps 44c and 44f can act 
in the crossover zone 65 to bend the shute 45c downward relative to the 
neighboring shutes 45a, 45b, 45d, and 45e, and particularly relative to the 
adjacent shutes 45b and 45d, resulting in a depression in the woven sculpted 
fabric 30 having a depression depth D relative to the maximum plane difference of 
the float 60 portions of the warps 44a and 44b in the adjacent first and second 
background regions 38 and 50, respectively, that can result in increased depth of 
molding in the vicinity of the crossover zone 65. 



The maximum plane difference of the floats 60 may be at least about 30% 
of the width of at least one of the floats 60. In other embodiments, the maximum 
20 plane difference of the floats 60 may be at least about 70%, more specifically at 
least about 90%. The maximum plane difference of the floats 60 may be at least 
about 0.12 millimeter (mm). In other embodiments, the maximum plane difference 
of the floats 60 may be at least about 0.25 mm, more specifically at least about 
0.37 mm, and more specifically at least about 0.63 mm. 
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Figure 4 depicts another cross-sectional view of a portion of a woven 
sculpted fabric 30 showing a crossover region 65. Seven consecutive shutes 45a ■ 
45g and two adjacent warps 44a and 44b are shown. 

The two warps 44a and 44b serve as a first elevated strand 41 and second 
elevated strand 53, respectively, in a first background region 38 and second 
background region 50, respectively, where the warps 44a and 44b are floats 60 
defining a first el vated region 40 and second elevated region 52. respectively. 
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The transition region 62 spans three shutes 45c, 45d and 45e. Proceeding from 
right to left, the first elevated strand 41 enters the transition region 62 b tween the 
shutes 45f and 45e, descending from its status as a float 60 in first background 
region 38 as it passes beneath the float 45e. It then passes over the shute 45d 
and then descends below the shute 45c. continuing on into the second background 
region 50 where it becomes a sinker 61. The second elevated strand 53 is a mirror 
image of the first elevated strand 41 (reflected about an imaginary vertical axis, not 
shown, passing through the center of the shute 45d) in the portion of the woven 
sculpted fabric 30 depicted in Figure 4. Thus, the second elevated strand 53 
enters the transition region 62 between the shutes 45b and 45c, passes over the 
shute 45d, and then descends beneath the shute 45e to become a sinker 61 in the 
first background region 38. The first elevated strand 41 and the second elevated 
strand 53 cross over each other in a crossover region 65 above the shute 45d, 
which may be deflected downward by tension in the warps 44a and 44b. 

Also depicted is the topmost layer of CD shutes 33 of the woven sculpted 
fabric 30, which can define an upper plane 32 of the topmost layer of CD shutes 33 
when the fabric 30 is resting on a substantially flat surface. Not all shutes 45 in the 
topmost layer of CD shutes 33 sit at the same height; the uppermost shutes 45 of 
the topmost layer of CD shutes 33 determine the elevation of the upper plane 32 of 
the topmost layer of CD shutes 33. The difference in elevation between the upper 
plane 32 of the topmost layer of CD shutes 33 and the highest portion of a float 60 
is the "Upper Plane Difference," as used herein, which can be 30% or greater of 
the diameter of the float 60, or can be about 0.1 mm or greater; about 0.2 mm or 
greater, or, about 0.3 mm or greater. 

Figure 5 depicts another cross-sectional view of a portion of a woven 
sculpted fabric 30 showing a transition region 62 with a crossover region 65, the 
transition region 62 being between a first background region 38 and a second 
background region 50. Eleven consecutive shutes 45a - 45k and two adjacent 
warps 44a and 44b are shown. The configuration is similar to that of Figure 4 
except that the warp 44a which forms the first elevated strand 41 is shitted to the 
right by about twic the typical shute spacing S such that the warp 44a no longer 
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passes over the same shute (45e in Figure 5, analogous to 45d in Figure A ) as 
the warp 44b that forms the second elevated strand 53 before descending to 
become a sinker 61 . Rather, the warp 44a is shifted such that the warp 44a 
passes over the shute 45g before descending to become a sinker 61 . Both the 
warps 44a and 44b pass below the shute 45f in the crossover reg.on 65. 

Figure 6 depicts yet another cross-sectional view of a portion of a woven 
sculpted fabric 30 showing a transition region 62 with a crossover reg.on 65. 
Seven consecutive shutes 45a - 45g and two adjacent warps 44a and 44b are 
shown The crossover region 65 is similar to the crossover regions 65a and 65b of 
Figure 2. Both warps 44a and 44b descend below a common shute 45d .n the 
transition region 62, becoming the sinkers 61. 

Figure 7 will be discussed hereinafter with respect to the analysis of the 
15 profile lines. 

Figure 8 is a cross-sectional view depicting another embodiment of a 
woven sculpted fabric 30. Here the two adjacent warps 44a and 44b are shown 
interwoven with the five consecutive shutes 45a - 45e. As the warp 44a enters the 
transition region 62 from the first background region 38 where the warp 44a .s a 
float 60, the warp 44a descends below the shute 45c in the transition reg.on 62 
and then rises again as it leaves the transition region 62 to become a float 60 ,n 
the second background region 50. Likewise, the warp 44b is a sinker 61 in the 
second background region 50, rises in the transition region 62 to pass above the 
shute 45c, then descends near the end of the transition region 62 to become a 
sinker 61 in the first background region 38. In the transition region 62, there are 
two crossover regions 65 for the two adjacent warps 44a and 44b. One can 
recognize that the first and second background textures 39 and 51 (not shown) 
formed by successive pairs of warps 44 (e.g., adjacent floats 60 and sinkers 61 . 
such as the warp 44a and the warp 44b) would be interrupted at the trans.fion 
region 62, and if multiple transition regions 62 were positioned to form a 
substantially continuous transition region 62 across a plurality of adjacent warps 44 
(e.g., 8 or more adjacent warps 44), a curvilinear decorative element could be 
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formed from the interruption in the background textures 39 and 51 o the 
background regions 38 and 50. respectively, imparting a visuai.y d.st.nct.ve texture 
to the wet tissue web15of an absorbent tissue product 27 molded on the woven 
sculpted fabric 30. 

The sheets of the absorbent tissue products 27 (shown in Figures 29 and 
30) of the present invention have two or more distinct textures. There may be at 
,east one background texture 39 or 51 (also referred to as local texture) created by 
elevated warps 44, shutes 45, or other elevated elements in a woven sculpted 
fabric 30. For example, a first background region 38 of such a woven sculpted 
fabric 30 may have a first background texture 39 corresponding to a senes of 
elevated and depressed regions 40 and 42 having a characteristic depth. The 
characteristic depth can be the elevation difference between the e.evated an 
depressed strands 41 and 43 that define the first background texture 39, or the 
e ,evation deference between raised dements, such as the e.evated warps 44 and 
shutes 45, and the upper piane 32 which sits on the topmost layer of CD shutes 33 
of the woven sculpted fabric 30 (shown in Figure 4). The shutes 45 can be part of 
a base iayer 31 of the woven sculpted fabric 30. which can be a load-bearing base 
,ayer 31 (the base layer in the woven sculpted fabric 30 of Figure 2 is depicted as 
, the layer 31 of the shutes 45, but can comprise additional woven or interwoven 
layers, or can comprise nonwoven layers or composite materials). 

Figure 9 is a computer generated graphic of a woven sculpted fabric 30 
according to the present invention depicting the shutes 45 and on.y the relatively 
elevated portions of the warps 44 on a black background for clarity. The most 
elevated portions of the warps 44, namely, the floats 60 that pass over two or more 
of the shutes 45. are depicted in white. Short intermediate knuckles 59, which are 
portions of the warps 44 that pass over a single shute 45. are more tightly pulled 
into the woven sculpted fabric 30 and protrude relatively less. To ind.cate the 
relatively lesser height of the intermediate knuckles 59, the intermediate knuckles 
59 are depicted in gray, as are the shutes 45. In the center of the graph.c hes a 
first background region 38 having first elevated regions 40 (machine direcfion 
floats 60) separated from one another by the first depressed regions 41 compns.ng 
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intermediate knuckles 59, shutes 45, and sinkers 61 (not shown). As a warp 44 
having a first elevated region 40 passes through the transition region 62a and 
enters the second background region 50. it descends into the woven sculpted 
fabric 30 and at least part of the warp 44 in the second background reg.on 50 
becomes a second depressed region 53. Likewise, the warps 44 that form a 
second elevated region 52 in the second background region 50 become depressed 
after passing through the transition region 62a such that at least part of such warps 
44 now form the first depressed regions 41 . 

A second transition region 62b is shown in Figure 9. although in this case it 
is part of repeating elements substantially identical to portions of the first trans,t,on 
region 62a. In other embodiments, the woven sculpted fabric 30 can have a 
complex pattern such that a basic repeating unit has a plurality of background 
regions (e.g.. three or more distinct regions) and a plurality of transition regions 62. 

Tissue Description 
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A second background region 50 of the woven sculpted fabric 30 may have a 
second background texture 51 with a similar or different characteristic depth 
compared to the first background texture 39 of the first background reg.on 38. The 
first and second background regions 38 and 50 are separated by a trans.t.on 
region 62 which forms a visually noticeable border 63 between the first and second 
background regions 38 and 50 and which provides a surface structure mold.ng the 
wet tissue web 1 5 to a different depth or pattern than is possible in the first and 
25 second background regions 38 and 50. The transition region 62 created is 

preferably oriented at an angle to the warp or shute directions. Thus, a wet t.ssue 
web 1 5 molded against the woven sculpted fabric 62 is provided with a dist.nct.ve 
texture corresponding to the first and/or second background textures 39 and/or 51 
and substantially continuous curvilinear decorative elements corresponding to the 
30 transition region 62. which can stand out from the surrounding first and second 
background texture regions 39 and 51 of the first and second background regions 
38 and 50 of the wet tissue web 1 5 by virtue of having a different elevation (h.gher 
or lower as well as equal) or a visually distinctive area of interruption between the 
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first and second background texture regions 39 and 51 of the first and second 
background regions 38 and 50, respectively. 

In one embodiment, the transition region 62 provides a surface structure 
wherein the wet tissue web 15 is molded to a greater depth than is possible in the 
first and second background regions 38 and 50. Thus, a wet tissue web 15 
molded against the woven sculpted fabric 30 is provided with greater indentation 
(higher surface depth) in the transition region 62 than in the first and second 
background regions 38 and 50. 

In other embodiments, the transition region 62 can have a surface depth 
that is substantially the same as the surface depth of either the first or second 
background regions 38 and 50, or that is between the surface depths of the first 
and second background regions 38 and 50 (an intermediate surface depth), or that 
is within plus or minus 50% of the average surface depth of the first and second 
background regions 38 and 50, or more specifically within plus or minus 20% of the 
average surface depth of the first and second background regions 38 and 50. 

When the surface depth of the transition region 62 is not greater than that of 
the first and second background regions 38 and 50, the curvilinear decorative 
elements corresponding to the transition region 62 imparted to the wet tissue web 
15 by molding against the transition region 62 is at least partially due to the 
interruption in the curvilinear decorative elements provided by the first and second 
background regions 38 and 50 which creates a visible border 63 or marking 
extending along the transition region 62. The curvilinear decorative elements 
imparted to the wet tissue web 15 in the transition region 62 may simply be the 
result of a distinctive texture interrupting the first and second background regions 
38 and 50. 

In one embodiment of the present invention, the first and second 
background regions 38 and 50 both have substantially parallel woven first and 
second elevated strands 41 and 53, respectively, with a dominant direction (e.g.. 
machine direction, cross-machine direction, or an angle therebetween), wherein 
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first background texture 39 in the first background region 38 is offset from the 
second background texture 51 in the second background region 50 such that as 
one moves horizontally (parallel to the plane of the woven sculpted fabric 30) along 
a woven first elevated strand 41 in the first background region 38 toward the 
5 transition region 62 and continues in a straight line into the second background 
region 50, a second depressed region 54 rather than a second elevated strand 58 
is encountered in the second background region 50. 

Likewise, a first depressed region 42 that approaches the transition region 
10 62 in the first background region 38 becomes a second elevated strand 53 in the 
second background region 50. When the woven sculpted fabric 30 is comprised of 
woven warps 44 (machine direction strands) and shutes 45 (cross-machine 
direction strands), the first and second elevated regions 40 and 52 are floats 60 
rising above the topmost layer of CD shutes 33 of the woven sculpted fabnc 30 
1 5 and crossing over a plurality of roughly orthogonal strands before descending into 
the topmost layer of CD shutes 33 of the woven sculpted fabric 30 again. 

For example, a warp 44 rising above the topmost layer of CD shutes 33 of 
the woven sculpted fabric 30 can pass over 4 or more shutes 45 before 
20 descending into the woven sculpted fabric 30 again, such as at least any of the 
following number of shutes 45: 5. 6, 7. 8, 9, 10, 15, 20. and 30. While the warp 44 
in question is above the topmost layer of CD shutes 33, the immediately adjacent 
warps 44 are generally lower, passing into the topmost layer of CD shutes 33. As 
the warp 44 in question then sinks into the topmost layer of CD shutes 33. the 
25 adjacent warps 44 rise and extend over a plurality of shutes 45. Generally, over 
much of the woven sculpted fabric 30, four adjacent warps 44 arbitrarily numbered 
in order 1 , 2, 3, and 4, can have warps 44 1 and 3 rise above the topmost layer of 
CD shutes 33 to descend below the topmost layer of CD shutes 33 after a 
distance, at which point warps 44 2 and 4 are initially primarily below the surface of 
30 the warps 44 in the topmost layer of CD shutes 33 but rise in the region where 
warps 44 1 and 3 descend. 
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in another embodiment of the present invention, the first and second 
background regions 38 and 50 both have substantially parallel woven first and 
second elevated strands 41 and 53 with a dominant direction (e.g., mach.ne 
direction, cross-machine direction, or an angle therebetween), wherem first 
background texture 39 in the first background region 38 is offset from the second 
background texture 51 in the second background region 50 such that as one 
moves horizontally (parallel to the plane of the woven sculpted fabric 30) along a 
woven first elevated strand 41 in the first background region 38 toward the 
transition region 62 and continues in a straight line into the second background 
region 50. a woven second elevated strand 53 rather than a second depressed 
region 54 is encountered in the second background region 50. Likewise, a first 
depressed region 42 that approaches the transition region 62 in the first 
background region 38 becomes a second depressed region 54 in the second 
background region 50. 

in another embodiment of the present invention, the woven sculpted fabric 
30 is a woven fabric having a tissue contacting surface including at least two 
groups of strands, a first group of strands 46 extending in a first direction, and a 
second group of strands 58 extending in a second direction which can be 
substantially orthogonal to the first direction, wherein the first group of strands 46 
provides elevated floats 60 defining a three-dimensional fabric surface comprismg: 

a) a first background region 38 comprising a plurality of substantially 
parallel first elevated strands 41 separated by substantially parallel first 
depressed strands 43, wherein each first depressed strand 43 is 
surrounded by an adjacent first elevated strand 41 on each side, and 
each first elevated strand 41 is surrounded by an adjacent first 
depressed strand 43 on each side; 

b) a second background region 50 comprising a plurality of substantially 
parallel second elevated strands 53 separated by substantially parallel 

) second depressed strands 55. wherein each second depressed strand 

55 is surrounded by an adjacent second elevated strand 53 on each 
side, and each second elevated strand 53 is surrounded by an adjacent 
second d pressed strand 55 on each side; and. 
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c) a M region « between the M and second backgrounc . ^» 
MandSO.whereinfhefirstandseconde, valed strands 41 and 53 of 
W ta M and second becked regions 38 and 50 descend to 
^come. respecfively. .he firs, end second depressed strands 43 and 55 

of me second and first background regions 38 and 50. 

• e,,he first group of strands 46 may overlap with a number 
in the transition region 62, the tirsi group uiouo 

intnerranM. a ..ichasanvof the Wowing: 1,2,3, 

of strands in the second group of strands 58, such as any 
4, 5, 1 0. two or more, two or less, and three or less. 

Each pair of firs, etevated ..cats 41 is separated by a distance o, at leas. 
ab ou.03mm In outer embedments, each pair of firs, elevated floats 41 ,s 
^ by a disfcnee ranging between abe* 0.3 mm to abou, 25 mm. more 

atween abou. 0.3 mm fo abou. 8 mm. more speCcally baleen about 

specifically between about 0.8 mm to about 1 mm. Each pa,r of second 
Z.rL.Lseparatedbyadi^ofatieas.ahoutO.mm.n^ 

Smarts each pair of second elevated floats 53 is separated by a d,stance 

0 3 mm to about 8 mm, n»re specifically baleen abou. 0.3 mm to abou, 3 mm, 
, r:plcLlybe W eenabou,0,mmtoabou.1 mm. mote speedy between 

about 0.8 mm to about 1 mm. 

Tee resulfing surface fopography of Ore dded .issue web 23 may oomph* , a 
pdmary pattern 84 having a regular repeafing unK ce» ma. can be a paralle^m 
, Slt-WI"-^ ^we.laidmatertals.uiesefitree- 

,5againsUhe woven scuipled fabrics 30 o, me present tnventmfy^-h a 
pneumatic pressure differential, followed byd^lng. In this manner, th« three- 
lensionl structure of the dded fiesue web 23 is more likely to be reamed upon 
30 wolfing of the dhed fissue web 23, helping fo provide high we. res„»noy. 

,„ addKion to the regular geometrical patterns (resulfing from .he firs, and 
second background texture regions 39 and 51. and the curvilinear decorafive 
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elements of the primary pattern 64, imparted by the woven sculpted fabrics 30 and 
other typical fabrics used in creating a dried tissue web 23, additional fine 
structure, with an in-plane length scale less than about 1 mm, can be present in 
the dried tissue web 23. Such a fine structure may stem from microfolds created 
5 during differential velocity transfer of the wet tissue web 15 from one fabric or wire 
to another fabric or wire prior to drying. Some of the absorbent tissue products 27 
of the present invention, for example, appear to have a fine structure with a fine 
surface depth of 0.1 mm or greater, and sometimes 0.2 mm or greater, when 
height profiles are measured using a commercial moire interferometer system. 
10 These fine peaks have a typical half-width less than 1 mm. The fine structure from 
deferential velocity transfer and other treatments may be useful in providing 
additional softness, flexibility, and bulk. Measurement of the fine surface 
structures and the geometrical patterns is described below. 
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CADEYES MEASUREMENTS 



One measure of the degree of molding created in a wet tissue web 15 using 
the woven sculpted fabrics 30 of the present invention involves the concept of 
optically measured surface depth. As used herein, "surface depth" refers to the 
20 characteristic height of peaks relative to surrounding valleys in a portion of a 
structure such as a wet tissue web 15 or putty impression of a woven sculpted 
fabric 30. In many embodiments of the present invention, topographical 
measurements along a particular line will reveal many valleys having a relatively 
uniform elevation, with peaks of different heights corresponding to the first and 
25 second background texture regions 39 and 51 and a more prominent primary 
pattern 64. The characteristic elevation relative to a baseline defined by 
surrounding valleys is the surface depth of a particular portion of the structure 
being measured. For example, the surface depth of a first or second background 
texture regions 39 or 51 of a wet tissue web 15 may be 0.4 mm or less, while the 
30 surface depth of the primary pattern 66 may be 0.5 mm or greater, allowing the 
primary pattern 64 to stand out from the first or second background texture regions 
39 or 51. 
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The wet tissue webs 15 created in the present invention possess three- 
dimensional structures and can have a Surface Depth for the first or second 
background texture regions 39 or 51 and/or primary pattern 64 of about 0.15 mm. 
or greater, more specifically about 0.3 mm. or greater, still more specifically about 
0.4 mm. or greater, still more specifically about 0.5 mm. or greater, and most 
specifically from about 0.4 to about 0.8 mm. The primary pattern 64 may have a 
surface depth that is greater than the surface depth of the first or second 
background texture regions 39 or 51 by at least about 10%. more specifically at 
least about 25%, more specifically still at least about 50%, and most specifically at 
least about 80%, with an exemplary range of from about 30% to about 100%. 
Obviously, elevated molded structures on one side of a wet tissue web 15 can 
correspond to depressed molded structures on the opposite of the wet tissue web 
15. The side of the wet tissue web 15 giving the highest Surface Depth for the 
primary pattern 64 generally is the side that should be measured. 

A suitable method for measurement of Surface Depth is moire 
interferometry, which permits accurate measurement without deformation of the 
surface of the wet tissue webs 1 5. For reference to the wet tissue webs 15 of the 
present invention, the surface topography of the wet tissue webs 15 should be 
measured using a computer-controlled white-light field-shifted moire interferometer 
with about a 38 mm field of view. The principles of a useful implementation of such 
a system are described in Bieman et al. (L. Bieman, K. Harding, and A. Boehnlein, 
"Absolute Measurement Using Field-Shifted Moire," SPIE Optical Conference 
Proceedings, Vol. 1614, pp. 259-264, 1991). A suitable commercial instrument for 
moire interferometry is the CADEYES® interferometer produced by Integral Vision 
(Farmington Hills, Michigan), constructed for a 38-mm field-of-view (a field of view 
within the range of 37 to 39.5 mm is adequate). The CADEYES® system uses 
white light which is projected through a grid to project fine black lines onto the 
sample surface. The surface is viewed through a similar grid, creating moire 
fringes that are viewed by a CCD camera. Suitable lenses and a stepper motor 
adjust the optical configuration for field shifting (a technique described below). A 
video processor sends captured fringe images to a PC computer for processing, 
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allowing details of surface height to be back-calculated from the fringe patterns 
viewed by the video camera. 

In the CADEYES moire interferometry system, each pixel in the CCD video 
5 image is said to belong to a moire fringe that is associated with a particular height 
range. The method of field-shifting, as described by Bieman et al. (L Bieman. K. 
Harding, and A. Boehnlein, "Absolute Measurement Using Field-Shifted Moire," 
SPIE Optical Conference Proceedings, Vol. 1614. pp. 259-264. 1991) and as 
originally patented by Boehnlein (U.S. Patent No. 5.069.548, herein incorporated 
10 by reference), is used to identify the fringe number for each point in the video 
image (indicating which fringe a point belongs). The fringe number is needed to 
determine the absolute height at the measurement point relative to a reference 
plane. A field-shifting technique (sometimes termed phase-shifting in the art) is 
also used for sub-fringe analysis (accurate determination of the height of the 
1 5 measurement point within the height range occupied by its fringe). These field- 
shifting methods coupled with a camera-based interferometry approach allows 
accurate and rapid absolute height measurement, permitting measurement to be 
made in spite of possible height discontinuities in the surface. The technique 
allows absolute height of each of the roughly 250,000 discrete points (pixels) on 
20 the sample surface to be obtained, if suitable optics, video hardware, data 

acquisition equipment, and software are used that incorporates the principles of 
moire interferometry with field-shifting. Each point measured has a resolution of 
approximately 1.5 microns in its height measurement. 

25 The computerized interferometer system is used to acquire topographical 

data and then to generate a grayscale image of the topographical data, said image 
to be hereinafter called "the height map". The height map is displayed on a 
computer monitor, typically in 256 shades of gray and is quantitatively based on 
the topographical data obtained for the sample being measured. The resulting 

30 height map for the 38-mm square measurement area should contain approximately 
250,000 data points corresponding to approximately 500 pixels in both the 
horizontal and vertical directions of the displayed height map. The pixel 
dimensions of the height map are based on a 512 x 512 CCD camera which 
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prav.es images o, moira patterns on toe sample whi* can b «*- by 
computer software. Each pixel In toe he*, map represent, a he gh. 
relramen.attoecorrespondingx-andy.locatoonthesample. Intoe 

presents a region on toe sample surface about 70 mrcrons long ,n both 
r ltn-pl directs). This level o, reso,u«on prevents single nhe. 
Z above toe surface from having a slgntfcan. eftec. on toe surface hergh. 

a, , eSS toan 2 microns and a z-direction range of a. leas. 1 .5 mm. (For hrrtoer 
JZ~* on toe measurement method, sea toe CADEYES Product Guxle. 
Lgra, Vision. Farm*gton Hi»e. Ml. 1994, or otoer CADEYES manuais and 
publications of Integral Vision, formerty Known as Medar, Inc.). 

The CADEYES system can measure up to 8 moire fringes, with each fringe 
M* dMded into 286 depth courts (subrange heigh. Incramerts. toe smallest 
res oLe heigh, durance,. There w.l be 2048 heigh. courts over toe 
raaasurement range. This determines toe total z-direcuon range, whrch ,s 

in the field of view covers more than eight fringes, a wrap-around effec. occurs 

iabeled as toe second, etc. ,n otoer word, .ha measured hergh. 
2048 depto courts. Accurate measurement is limited to toe ma,n W of 8 fnnges. 

The moire Irterfemmeter system, onca instellad and factory calibrated to 
provide toe accuracy and z-dirertion range ateted above, can prov.de accurate 
topographical date tor materials sucft as paper towels. (Those s»d ,n toe ad 

Jaces wtto Known dlmenstons). Teste era performed in a room under Tapp 
condMona (23'C, 50% rafaave humid«y). Tne sample must be placed fla on 
surface lying aligned or needy aligned with the measurement plana of 
'I™!, and should he a, sucft a heigh, toa, both toe towest and h*hest ragrons 
of interest ara within the measurement region of toa instrument. 
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a . rpri data acquisition is initiated using Integral Visions's 

CADEYES® system, the con« ' „ data ^ Data 

p^n, some noise ' ^EVE^ so^e fo r PC, ^ 

reduction and display ate achieved rang CADcYto 

Professional for Windows (vers.on 3.0). The v.su a 
add custom analysis tools. 

.eight range o, the remaining points . W — - «» 
height dWerence between the 10 /.and m ^ ^ 

0 /, matena. . ^ passjng through tne 

height is occup.ed by matenal 72. Along 

.owest point of the prof..* 73, 1 00% of the line ,s occup.ed by matena. 72. 
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U and 75 (between the — an, — ££££ J ntea „ y as t be 
„ f MM tine length oooupW by material 72 w,» '"^ , p 

distribution of a profile 73. i* rm»« « 
curve"). 

parameter « defined as the difference » 

° a ™^~r7rrjmen W8tte xU, re -s«o f .hawa« fe a U ewa te 
k^M Obhc 19 wban airflow toward tnethmughdryer 21. 
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FIGURE ,0 shows a screen shot 66 a. the CADEYES® software mm 

wW ow canning a heigh, map .0 - a pun, impress*- - ' 
Z rt c30madeinacoc« 1 anca-h 6 .aprasen.,nvan to n.Thaha, 8 ht m ap80v ra s 

Ta ad - a 35-mm fteld - view «*- - «» CADEYES® mo,* 
"aw system. Tha pufty impressfcn was made using 65 grams «* 
1^ Dow Coming 3179 Diiatan, Compound (baiiavad to be the ong^ S y 
material, in a conditioned room a. 23'C and 50% reiadve hum*y 
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Dilatant Compound was rendered more opaque for better results with moire 
interferometry by th addition of 0.8 g of white solids applied by painting white 
Pentel® (Torrance, CA) Correction Pen fluid (purchased 1997) on portions of the 
putty, allowing the fluid to dry, and then blending the painted portions to uniformly 
disperse the white solids (believed to be primarily titanium dioxide) throughout the 
putty. This action was repeated approximately a dozen times until a mass 
increase of 0.8 grams was obtained. The putty was rolled into a flat, smooth 9-cm 
wide disk, about 0.7 cm thick, which was placed over the woven sculpted fabric 30. 
A stiff, clear plastic block with dimensions 22 cm x 9 cm x 1 .3 cm, having a mass of 
408 g, was centered over the putty disk and a 3.73 kg brass cylinder of 6.3-cm 
diameter was placed on the plastic block, also centered over the putty disk, and 
allowed to reside on the block for 8 seconds to drive the putty into the woven 
sculpted fabric 30. After 8 seconds, the brass cylinder and plastic block were 
removed, and the putty was gently lifted from the woven sculpted fabric 30. The 
molded side of the putty was turned face up and placed under a 35-mm field-of- 
view optical head of the CADEYES® device for measurement. 

In the height map 80 in FIGURE 10, the horizontal bands of dark and light 
areas correspond to elevated and depressed regions. In a first background region 
38', there are first elevated regions 40" and first depressed regions 42' created by 
molding against the first depressed regions 42 and the first elevated regions 40, 
respectively, in a first background region 38 of a woven sculpted fabric 30 (not 
shown). In a second background region 50', there are second elevated regions 52' 
and second depressed regions 54" conesponding to the second depressed regions 
52 and the second elevated regions 54 in a second background region 50 of a 
woven sculpted fabric 30 (not shown). Between the first background region 38' 
and the second background region 50' is a transition region 62' which is elevated, 
corresponding to a depressed transition region 62 of a woven sculpted fabric 30 
(not shown). The elevated curvilinear decorative elements forming a transition 
region 62' on the molded surface define a repeating elevated primary pattern 64 in 
which the repeating unit can be described as a diamond with concave sides. The 
junctions of the opposing MD strands in the transition region 62 of a woven 
sculpted fabric 30 (not shown) form pockets or segments of different plane height 
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which visually conn ct to form curvilinear decorative elements making aesthetically 
pleasing design highlights in materials molded thereon. 

The height map 80 contains some optical noise distorting the image along 
the left border of the height map 80, and occasional spikes from optical noise in 
other portions of the image. Nevertheless, the structure of the putty impression is 
clearly discernible. The profile display 81 below the height map 80 shows the 
topography in the form of a profile 82 taken along a vertical profile line 87. The 
topographical features of the profile 82 include peaks and valleys corresponding to 
first and second elevated regions 40' and 52' (the peaks) and first and second 
depressed regions 42" and 54' (the valleys), respectively, and the elevated 
transition regions 62' that form the repeating curvilinear primary pattern 64. 

FIGURE 11 shows a screen shot 66 of the CADEYES® software main 
window containing a height map 80 of a dried tissue web 23 molded on a woven 
sculpted fabric 30, using a process substantially the same as the one described in 
the Example. The height map 80 is for a zoomed-in region covering a single unit 
cell of the curvilinear primary pattern 64. The face-up side of the dried tissue web 
23 - i.e.. the surface being measured - is the side that was remote from the woven 
sculpted fabric 30 during through air drying, termed the "air side" of the dried tissue 
web 23, as opposed to the opposing "fabric side" (not shown) that was in contact 
with the woven sculpted fabric 30 during through drying. Here, through drying on 
the woven sculpted fabric 30 imparted a molded texture that resembles the inverse 
of the texture in FIGURE 10. Thus, in the first background region 38", there are 
first elevated regions 40* and first depressed regions 42' created by molding of the 
fabric side of the tissue against first elevated regions 40 and first depressed 
regions 42, respectively, in a first background region 38 of a woven sculpted fabric 
30 (not shown). In the second background region 50', there are second elevated 
regions 52' and second depressed regions 54' corresponding to second elevated 
regions 52 and second depressed regions 54 in a second background region 50 of 
a woven sculpted fabric 30 (not shown). Between the first background region 38* 
and the second background region 50' is a transition region 62' which is depressed 
on the side of the dried tissue web 23 measured (the air side), but el vated on the 
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opposing side (the fabric side), corresponding to a depressed transition r g.on 62 
of a woven sculpted fabric 30 (not shown). The depressed curvilinear decorat,ve 
eiements forming the transition region 62' on the molded surface of the dried tissue 
web 23 define a repeating elevated primary pattern 64 in which the repeating umt 

5 can be described as a diamond with concave sides. The junctions of the oppos.ng 
MD strands in the transition region 62 of a woven sculpted fabric 30 (not shown) 
form pockets or segments of different plane height which visually connect to form 
curvilinear decorative elements making aesthetically pleasing design highlights in 
materials molded thereon. Thus, the depressed transition regions 62' form a 

1 0 repeating curvilinear primary pattern 64. 

The profile 82 along a vertical profile line 87 on the height map 80 is shown 
in the profile display 81 below the height map 80. in which two depressed trans.t.on 
regions 62' can be seen in the midst of the otherwise regular peaks and valleys, 
15 wherein the peaks correspond to first and second elevated regions 40- and 52' 
respectively, and the valleys correspond to first and second depressed reg.ons 42 
and 54', respectively. 

FIGURE 12 depicts a section of the height map 80 of FIGURE 10 further 
20 displaying a profile 82 along a vertical profile line 87 on the height map 80. The 
profile 82 shown in a vertically oriented profile display 81 comprises peaks and 
valleys, wherein the peaks correspond to first and second elevated regions 40' and 
52' respectively, and the valleys correspond to first and second depressed regions 
42' and 54', respectively, with transition regions 62' also visible as relatively 
25 elevated features. A characteristic height of the peaks away from the transition 
regions 62' is about 0.54 mm, while the transition regions 62' display higher and 
broader peaks, with heights of about 0.75 mm. 

FIGURE 13 shows a section of a height map 80 for the dried tissue web 23 
30 throughdried on the woven sculpted fabric 30 used in FIGURE 10, but with the 
sculpted fabric face up of the dried tissue web 23 (the side that was in contact wrth 
the woven sculpted fabric 30 during through drying). The profile display 81 shows 
a profile 82 measured along the vertical profile line 87 drawn across the height 
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map 80 corresponding to the cross-machine dir ction of the tissue web 23. The 
profile 82 has peaks corr spending to first and second elevated regions 40' and 
52', respectively, and the valleys corresponding to first and second depressed 
regions 42' and 54', respectively, with transition regions 62* also visible as 
relatively elevated features. The profile 82 shows that the broad peaks in the 
transition region 62' have a greater height than the peaks away from the transition 
region 62' Relative to the valleys (the first depressed regions 42') in the first 
background region 38, the peaks of the transition region 62' show a height of about 
0.55 mm. In the first background region 38', the peaks (the first elevated reg.ons 
40') have about half the height of the transition region 62' (e.g., a height of about 
0.25 mm). 

FIGURE 14 shows a portion of the height map 80 of FIGURE 11 with an 
accompanying profile display 81 showing a profile 82 taken along the horizontal 
5 (machine direction) profile line 87 drawn on the height map 80. The profile 82 
extends along the second elevated regions 52' outside of the first background 
region 38' and along the first depressed region 42' within the first background 
region 38'. A height difference Z of about 0.5 mm is spanned from the higher 
portion of the second elevated region 52 1 to the depressed transition region 62V 

20 

FIGURE 1 5 is similar to FIGURE 14 except that a different profile line 87 is 
used, resulting in a different displayed profile 82 in the profile display 81. The 
profile line 87 runs substantially in the machine direction, passing along a first 
depressed region 42' in the first background region 38'. then passing through a 

25 transition region 62' and then along a second elevated region 52' in the second 
background region 50'. A vertical height difference Z of about 0.42 mm is spanned 
from the second elevated region 52' to the first depressed region 42'. The 
transition region 62 is about 0.2 mm lower than the first depressed region 42' on 
this view of the fabric side of a molded dried tissue web 23 that has been 

30 throughdried on a woven sculpted fabric 30 according to the present invention. 

FIGURE 16 shows a height map 80 of a putty impression of another woven 
sculpted fabric 30 made in accordance to the present invention, with a profile 
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display 81 showing a profile 82 measured along a profile line 87 that spans a first 
background region 38' and a second background region 50' with a transition region 
62' therebetween. Based on the profile 82, the transition region 62' differs from the 
first elevated region 40' by over than 0.4 mm, and differs from the second 

5 depressed region 54' by over 0.8 mm (the height Z). Here the transrtion reg,on 62' 
forms a curvilinear decorative element with arcuate sides that entirely bound a 
closed area, though a portion of the closed area is not shown . Such closed areas 
can have a maximum diameter (maximum length of a line that can fit within the 
closed boundary while in the plane of the woven sculpted fabric 30) of any of the 

10 following: 5 mm or greater; 10 mm or greater; 25 mm or greater; 50 mm or 

greater; and. 180 mm or greater, with an exemplary range of from about 8 mm to 
about 75 mm. 

FIGURE 17 shows a height map 80 of a putty impression of yet another 
1 5 woven sculpted fabric 30 made in accordance to the present invention, wherein the 
transition regions 62' form parallel lines at an angle relative to the substantially 
unidirectional warps 44 of the woven sculpted fabric 30. In the profile display 81 . a 
profile 82 is shown corresponding to the surface height along the profile line 87 is 
substantially oriented in the cross-machine direction. The profile line 87 passes 
20 over second elevated regions 52' and second depressed regions 54' in the second 
background region 50\ then passes across a transition region 62' and then over 
first elevated regions 40' and second depressed regions 42V Here each transrtion 
region 62' is substantially straight and forms a long line parallel to other transit.cn 
regions 62'. In general, when a transition region 62' defines a line, the line can be 
25 at any angle to the machine direction (direction of the warps 44). such as an 

absolute angle of 20 degrees or more, more specifically from about 20 degrees to 
less than 90 degrees, most specifically from about 30 degree to about 65 degrees. 
The height difference Z between the most elevated portion of the transition regton 
62" along the profile 82 and the first depressed region of the first background 
30 region 38 is about 0.6 mm. 

FIGURE 18 shows a schematic of a composite sculpted fabric 100 
comprising a base fabric 102 with raised elements 108 attached thereon. The 
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raised elements 108 as shown are aligned substantially in the machine direction 
120 (orthogonal to the cross-machine direction 118) in the portion of the composrte 
sculpted fabric 100 shown, though the raised elements 108 could be oriented in 
any direction and could be oriented in a plurality of directions. The raised elements 

5 108 as depicted have a height H. a length L, and a width W. The height H can be 
greater than about 0.1 mm, such as from about 0.2 mm to about 5 mm, more 
specifically from about 0.3 mm to about 1 .5 mm, and most specifically from about 
0 3 mm to about 0.7 mm. The length L can be greater than 2 mm. such as about 3 
mm or greater, or from about 4 mm to about 25 mm. The width W can be greater 

10 than about 0.1 mm such as from about 0.2 mm to about 2 mm. more specifically 
from about 0.3 mm to about 1 mm. 



15 In a first background region 38. the machine-direction oriented, elongated 

raised elements 108 act as floats 60 that serve as first elevated regions 40. with 
first depressed regions 42 therebetween that reside substantially on the underlying 
base fabric 102, which can be a woven fabric. In a second background region 50, 
the raised elements 108 act as floats 60 that serve as second elevated regions 52, 

20 with second depressed regions 54 therebetween that reside substantially on the 
underlying base fabric 102. 

A transition region 62 is formed when a first elevated region 40 from a first 
background region 38 of the composite sculpted fabric 100 has an end 122 in the 

25 vicinity of the beginning 124 of two adjacent second elevated regions 52 in a 
second background region 50 of the composite sculpted fabric 100, with the end 
122 disposed in the cross-machine direction 118 at a position intermediate to the 
respective cross-machine direction locations of the two adjacent second elevated 
regions 52, wherein the end 122 of raised elements 108 (either a first elevated 

30 region 40 or second elevated region 52) refers to the termination of the raised 

element 108 encountered while moving along the composite sculpted fabric 100 in 
the machine direction 120. and the beginning 124 of a raised element 108 refers to 
the initial portion of the raised element 108 encountered while moving along the 
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composite sculpted fabric 100 in the same direction. Were the raised elements 
108 oriented in another direction, the direction of orientation for each raised 
element 108 is the direction one moves along in identifying ends 122 and 
beginnings 124 of raised elements 108 in order to identify their relationship in a 
consistent manner. Generally, features of the raised elements 108 can be 
successfully identified when either of the two possible directions (forward and 
reverse, for example) along the raised element 108 is defined as the positive 
direction for travel. 

The transition region 62 separates the first .and second background regions 
38 and 50. The shifting of the cross-machine directional locations of the raised 
elements 108 in the transition region 62 creates a break in the patterns of the first 
and second background regions 38 and 50, contributing to the visual 
distinctiveness of the portion of the wet tissue web 15 molded against the transition 
region 62 of the composite sculpted fabric 100 relative to the portion of the wet 
tissue web 15 molded against the surrounding first and second background 
regions 38 and 50. In the embodiment shown in FIGURE 18, the transition region 
62 is also characterized by a gap width G which is the distance in the machine 
direction 120 (or, more generally, whatever direction the raised elements 108 are 
predominantly oriented in) between an end 122 of a raised element 108 in the first 
background region 38 and the nearest beginning 124 of a raised element 108 in 
the second background region 50. The gap width G can vary in the transition 
region 62 or can be substantially constant. For positive gap widths G such as is 
shown in FIGURE 18, G can vary, by way of example, from about 0 to about 20 
mm, such as from about 0.5 mm to about 8 mm, or from about 1 mm to about 3 
mm. 

A base fabric 102 can be woven or nonwoven, or a composite of woven and 
nonwoven elements or layers. The embodiment of the base fabric 102 depicted in 
Figure 18 is woven, with the shutes 45 extending in the cross-machine direction 
118 and the warps 44 in the machine direction 120. The base fabric 102 can be 
woven according to any pattern known in the art and can comprise any materials 
known in the art. As with any woven strands for any fabrics of the present 
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invention, the strands need not be circular in cross-section but can be elliptical, 
flattened, rectangular, cabled, oval, semi-oval, rectangular with rounded edges, 
trapezoidal, parallelograms, bi-lobal. multi-lobal. or can have capillary channels. 
The cross sectional shapes may vary along a raised element 108; multiple ra.sed 
5 elements with during cross sectional shapes may be used on the composrte 
sculpted fabric 100 as desired. Hollow filaments can also be used. 

The raised elements 108 can be integral with the base fabric 102. For 
example, a composite sculpted fabric 100 can be formed by photocuring of 
10 elevated resinous elements which encompass portions of the warps 44 and shutes 
45 of the base fabric 102. Photocuring methods can include UV curing, visible l.ght 
curing, electron beam curing, gamma radiation curing, radiofrequency curing, 
microwave curing, infrared curing, or other known curing methods involving 
application of radiation to cure a resin. Curing can also occur via chemical react.on 
1 5 without the need for added radiation as in the curing of an epoxy resin, extrusion of 
an autocuring polymer such as polyurethane mixture, thermal curing, solid.fy.ng of 
an applied hotmelt or molten thermoplastic, sintering of a powder in place on a 
fabric and application of material to the base fabric 102 in a pattern by known 
rapid prototyping methods or methods of sculpting a fabric. Photocured resin and 
20 other polymeric forms of the raised elements 1 08 can be attached to a base fabnc 
102 according to the methods in any of the following patents: U.S. Patent No. 
5679 222 issued on October 21. 1997 to Rasch et al.; U.S. Patent No. 4.514.345, 
issued on April 30. 1985 to Johnson et al.; U.S. Patent No. 5.334.289. issued on 
August 2. 1994 to Trokhan et al.; U.S. Patent No. 4,528.239. issued on July 9. 
25 1985 to Trokhan; U.S. Patent No. 4,637.859, issued on January 20. 1987 to 

Trokhan; commonly owned U.S. Patent No. 6.120.642. issued on September 19. 
2000 to Lindsay and Burazin; and. commonly owned patent applications Senal 
Nos. 09/705.684 and 09/706.149. both filed on November 3. 2000 by Lindsay et 
al.; all of which are herein incorporated by reference to the extent they are not 
30 contradictory herewith. 

U.S. Patent No. 6.120,642. issued on September 19. 2000 to Lindsay and 
Burazin. discloses methods of producing sculpted nonwoven throughdrying fabrics, 
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and such methods can b applied in general to create composite sculpted fabrics 
100 of the present invention. In one embodiment, such composite sculpted fabrics 
100 comprise an upper porous nonwoven member and an underlying porous 
member supporting the upper porous member, wherein the upper porous 

5 nonwoven member comprises a nonwoven material (e.g., a fibrous nonwoven, an 
extruded polymeric network, or a foam-based material) that is substantially 
deformable. More specifically, the can have a High Pressure Compressive 
Compliance (hereinafter defined) greater than 0.05, more specifically greater than 
0.1 , and wherein the permeability of the wet molding substrate is sufficient to 

10 permit an air pressure differential across the wet molding substrate to effectively 
mold said web onto said upper porous nonwoven member to impart a three- 
dimensional structure to said web. 

As used herein, "High Pressure Compressive Compliance" is a measure of 
1 5 the deformability of a substantially planar sample of the material having a basis 
weight above 50 gsm compressed by a weighted platen of 3-inches in diameter to 
impart mechanical loads of 0.2 psi and then 2.0 psi, measuring the thickness of the 
sample while under such compressive loads. Subtracting the ratio of thickness at 
2.0 psi to thickness at 0.2 psi from 1 yields the High Pressure Compressive 
20 Compliance. In other word, High Pressure Compressive Compliance = 1 - 
(thickness at 2.0 psi/thickness at 0.2 psi). The High Pressure Compressive 
Compliance can be greater than about 0.05, specifically greater than about 0.15, 
more specifically greater than about 0.25, still more specifically greater than about 
0.35, and most specifically between about 0.1 and about 0.5. In another 
25 embodiment, the High Pressure Compressive Compliance can be less than about 
0.05, in cases where a less deformable composite sculpted fabric 100 is desired. 

Other known methods can be used to created the composite sculpted 
fabrics 100 of the present invention, including laser drilling of a polymeric web to 
30 impart elevated and depressed regions, ablation, extrusion molding or other 

molding operations to impart a three-dimensional structure to a nonwoven material, 
stamping, and the like, as disclosed in commonly own d patent applications Serial 
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Nos. 09/705,684 and 09/706.149, both filed on November 3. 2000 by Lindsay et 
al.; previously incorporated by reference. 

FIGURE 19 depicts another embodiment of a composite sculpted fabric 100 
comprising a base fabric 102 with raised elements 108 attached thereon, similar to 
that of FIGURE 18 but with raised elements 108 that taper to a low he.ght H 2 
relative to the minimum height H, of the raised element 108. ft can be from about 
0 1 mm to about 6 mm, such as from about 0.2 mm to about 5 mm, more 
specifically from about 0.25 mm to about 3 mm. and most specifically from about 
05mmtoabout1.5mm. The ratio of H 2 to ft can be from about 0.01 to about 
0 99 such as from about 0.1 to about 0.9, more specifically from about 0.2 to 
about 0.8, more specifically still from about 0.3 to about 0.7. and most specially 
from about 0.3 to about 0.5. The ratio of H 2 to Hi can also be less than about 0.7. 
about 0.5. about 0.4, or about 0.3. Further, the gap width G. the distance between 
the beginning 124 and ends 122 of nearby raised elements 108 from adjacent firs 
and second background regions 38 and 50, is now negative, meaning that the end 
122 of one raised element 108 (a first elevated region 40) in the first background 
region 38 extends in machine direction 120 past the beginning 124 of the nearest 
raised element 108 (a second elevated region 52) in the second background 
region 50 such that raised elements 108 overlap in the transition region 62. Two 
gap widths G are shown: G, and G 2 at differing locations in the composite 
sculpted fabric 100. Here the gap width G has nonpositive values, such as from 
about 0 to about -10 mm. or from about -0.5 mm to about -4 mm. orfrom about - 
0 5 mm to about -2 mm. However, a given composite sculpted fabnc 100 may 
have portions of the transition region 62 that have both nonnegative and 
nonpositive (or positive and negative) values of G. 

It is recognized that other topographical elements may be present on the 
surface of the composite sculpted fabric 100 as long as the ability of the raised 
elements 108 and the transition region 62 to create a visually distinctive molded 
wet tissue web 15 is not compromised. For example, the composite sculpted 
fabric 100 could further comprise a plurality of minor raised elements (not shown) 
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such as ovals or lines having a height less than, for example, about 50% of th 
minimum height Hi of the raised elements 108. 

FIGURES 20 - 22 are schematic diagram views of the raised elements 1 08 
in a composite sculpted fabric 100 depicting alternate forms of the raised elements 
108 according to the present invention. In each case, a set of first raised elements 
108' in a first background region 38 interacts with a set of second raised elements 
108" in a second background region 128 to define a transition region 62 between 
the first and second background regions 38 and 50. wherein both the discont.nu.ty 
or shift in the pattern across the transition region 62 as well as an optional change 
in surface topography along the transition region 62 contribute to a distincfve 
visual appearance in the wet tissue web 15 molded against the composite sculpted 
fabric 100. wherein the loci of transition regions 62 define a visible pattern .n the 
molded wet tissue web 15 (not shown). In FIGURE 20. the first and second ra.sed 
elements 108' and 108" overlap slightly and define a nonlinear transition region 62 
(i e there is a slight curve to it as depicted). Further, parallel, adjacent raised 
elements 108 in either a first or second background region 38 or 50. are spaced 
apart in the cross-machine direction 118 by a distance S slightly greater than the 
width W of a first or second raised element 108' or 108" (e.g.. the cross-machine 
direction spacing from centerline to centerline of the first and second raised 
elements 108' and 108" divided by the width W of the first and second raised 
elements 108' and 108" can be greater than about 1 . such as from about 1 .2 to 
about 5. or from about 1 .3 to about 4, or from about 1 .5 to about 3. In FIGURE 21 . 
the spacing S is nearly the same as the width W (e.g.. the ratio S/W can be less 
than about 1 .2. such as about 1 .1 or less or about 1 .05 or less). Further, the 
overlapping first and second raised elements 108' and 108" in the transition region 
62 results in a gap width of about -2W or less (meaning that the ends 1 22 and 
beginnings 124 of the first and second raised elements 108' and 108" overlap by a 
distance of about twice or more the width W of the first and second raised 
elements 108' and 108"). In FIGURE 22, the tapered raised elements 108 are 
depicted which are otherwise similar to the raised elements 108 as shown in 
FIGURE 20. 
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It will be recognized that the shapes and dimensions of the raised elements 
108 need not be similar throughout the composite sculpted fabric 100, but can 
differ from any of the first and second background region 38 or 50 to another or 
even within a first or second background region 38 or 50. Thus, there may be a 
5 first background region 38 comprising cured resin first raised elements 108' having 
a shape and dimensions <W, L, H, and S, for example) different from those of the 
second raised elements 108" of the second background region 50. 

The raised elements 108 need not be straight, as generally depicted in the 
1 0 previous figures, but may be curvilinear. 

In Figures 23 and 24, a portion of the CADEYES height map 80 referred to 
in Figure 17 was used to identify the approximate contour of elevated portions of 
the transition region 62'. The original portion of the height map 80 is shown in 

15 Figure 23. The modified version is shown in Figure 24. The modified version was 
created by importing the original into the PhotoPlus 7® graphics program for the 
PC by Serif, Inc. (Hudson, New Hampshire). The image was treated with the 
"Stretch" command to distribute the color histogram levels more fully across the 
spectrum. Then the most elevated portion of the transition region 62' in the lower 

20 half of the image was selected by clicking with the color selection tool set to a 
tolerance value of 12. The selected region of the transition region 62' was then 
filled with white. The same procedure was applied to the transition region 62' in 
the upper left hand corner of the image. The white portions of the transition region 
62' in effect show the shape of the contour encompassing the highest portions of 

25 the surface, and correspond roughly to the upper contours that could be imparted 
to a dried tissue web 23. The elevated contours have a generally sinuous shape, 
with depresses islands corresponding to the floats 60 or knuckles of the woven 
sculpted fabric 30. 

30 Figure 25 depicts a portion of a dried tissue web 23 having a continuous 

background texture 146 depicted as a rectilinear grid, though any pattern or texture 
could be used. The dried tissue web 23 further comprises a raised transition 
region 62' which has a visually distinctive primary pattern 145. In a local region 
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148 of the dried tissue web 23 that spans both sides of a portion of the transits 
r gion 62', two portions the background texture 146 define, at a local level, a first 
background region 38' and a second background region 50' separated by a 
transition region 62' in the dried tissue web 23. Thus, the first background reg.on 

5 38' and the second background region 50', though separated by the transrt,on 
region 62', are nevertheless contiguous outside the local region 148 of the dned 
tissue web 23. In other embodiments, the transition region 62' can define 
enclosed first and second background regions 38' and 50'. respectively, that are 
contiguous outside of a local region 148 or fully separated first and second 

10 background regions 38' and 50', respectively, that are not contiguous. 

Figures 26a - 26e show other embodiments for the arrangement of the 
warps 44 in the first background region 38 of a woven sculpted fabric 30 (though 
the embodiment shown could equally well be applied to a second background 
1 5 region 50). taken in cross-sectional views looking into the machine direction. 
Figure 26a shows an embodiment related to those of Figures 1a, 1b, and 2, 
wherein each single float 60 is separated from the next single float 60 by a single 
sinker 61 . However, single strands are not the only way to form the first elevated 
regions 40 (which could equally well be depicted as second elevated regions 52) or 
20 the first depressed regions 42 (which could equally well be depicted as second 
depressed regions 54). Rather, Figures 26b - 26e show embodiments in which at 
least one of the first elevated regions 40 or first depressed regions 42 comprises 
more than one warp 44. Figure 26b shows single spaced apart single strand 
floats 60 forming the first elevated regions 40, interspaced (with respect to a view 
25 from above the shute 45) by double-strand sinkers 61 (or, equivalent^, pairs of 
adjacent single-strand sinkers 61) which define first depressed regions 42 between 
each first elevated region 40. In Figure 26c, the first elevated regions 40 each 
comprise pairs of warps 44, while the interspaced first depressed regions 42 
likewise comprise pairs of warps 44 forming double-strand sinkers 61 . In Figure 
30 26d, double-strand first elevated regions 40 are interspaced by triple-strand first 
depressed regions 42. In Figure 26e, the single-, double-, and triple-strand groups 
form both the first elevated regions 40 and the first depressed regions 42. Many 
other combinations are possible within the scope of the present invention. Thus, 
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any machine-direction oriented elevated or depressed region in a woven scu.pted 
fabric 30 can comprise a group of any practical number of warps 44. such as any 
number from 1 to 10, and more specially from 1 to 5. Such groups can compr.se 
parallel monofilament strands or multifilament strands such as cabled filaments. 

5 

The Product 

FIGURE 28 is a photograph of a woven sculpted fabric 30 embodiment of 
the present invention. The decorative pattern repeats in a rectangular unit cell 
0 which is about 33 mm MD by 38 mm CD in size. The width of the floats 60 is about 
0.70 mm. The adjacent elevated floats 60 are separated by a distance wh.ch 
averages about 0.89 mm. 

in the woven sculpted fabric 30 shown in FIGURE 28, the plane difference 
15 varies in the MD and CD throughout the fabric unit cell. For a given float 60 the 
plane difference tends to be minimal near transition regions 62 and max.mal half 
way between two transition regions 62 in the MD. In general, plane difference ,s 
larger for a long sinker 61 between two long floats 60 than a short s.nker 61 
between two short floats 60. This variation in plane difference contributes to the 
20 aesthetics of the overall decorative pattern. 

In the woven sculpted fabric 30 shown in FIGURE 28, the separation 
distance between adjacent elevated floats 60 varies in the MD and CD throughout 
the fabric unit cell. This variation in separation distance between adjacent elevated 
25 floats 60 contributes to the aesthetics of the overall decorative pattern. 

FIGURES 29 and 30 shows the air side and the fabric side an absorbent 
tissue product 27 made in accordance with the present invention as described 
herein in the Example, depicting an interlocking circular primary pattern 64 made 
30 from the distinctive background textures 39 and 51 and curvilinear decorabve 
elements on the dried tissue web 23 by a plurality of transition areas 62 of 
throughdrying fabric 19. The distinctive background textures 39 and 51 and 
curvilinear decorative elements, in addition to providing valuable consumer 
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preferred aeemaflce, also unexpectedly imprpve physical erUibu.es of the 

curvilinear decorative elements in are dried tissue web 23 
,ransi«on areas 62 km. mulfl-axial hinges improving drape and fle»b,lny of are 
finished absorbentfissue product 27. in addition, the distinctive background 
textures 39 and 51 and curvilinear decorative elements are resistant to tear 
propagation improving .ensile strength and machine runnabiiity of the dned te sue 
web 23. 

in ye. anorner advantage, the increased unifomtfy in spacing of the raised 
MD floats 60 possible w*h the present invention, while sffll producing distinct™* 
background texlures 39 and 51 and curvilinear line phmary patterns 64. ma,n.a,ns 
higher levels of caliper and CO stretch spared to decoraflve webs produced by 
ttra fabrics diseased in U.S. Patent No. 6.429.686. The possibility of opbnuang 
ma unKormHy and spacing of me raised MD floats 60 in me CD direcflon, without 
regard to spacing considerations in order to forar me dlsfincflve background 
terdures 39 and 51 and curvilinear decorative elements in the dried flaaue web 23. 
is a significant advantage within Are art of papermaking. The present invenflon 
allows for improved unflorm«y o, me raised MD floats 60 in me CD direct™ and 
, me flexibility to form a muHtude of complex distinctive background textures 39 and 
51 and curvilinear decoraflve elements in me dried tissue web 23 within a angle 
processing step. 
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EXAMPLE 



In order to further illustrate the absorbent tissue products of the present 
invention, an uncreped throughdried tissue product was produced using the 
method substantially as illustrated in FIGURE 27. More specifically, a blended 
single-ply towel basesheet was made in which the fiber furnish comprised about 
530/0 bleached recycled fiber (1 00% post consumer content), about 31 % bleached 
northern softwood Kraftfiber. and about 16% bleached southern softwood Kraft 



fiber. 
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The fiber was pulped for 30 minutes at about 4-5 percent consistency and 
diluted to about 2.7 percent consistency after pulping. Kymene 557LX 
(commercially available from Hercu.es in Wilmington, DE) was added to the fiber at 
about 9 kilograms per tonne of pulp. 

The headbox net slice opening was about 23 millimeters. The consistency 
of the stock fed to the headbox was about 0.26 weight percent. 

The resulting wet tissue web 15 (shown in FIGURE 27) was formed on a c- 
wrap twin-wire, suction form roll, former with outer forming fabric 12 and .nner 
forming fabric 13 being Voith Fabrics 2164-A33 fabrics (commercially available 
fr0 mVoithFabricsinRa.eigh,NC). The speed of the forming fabrics was about 
6 9 meters per second. The newly-formed wet tissue web 15 was then dewatered 
to a consistency of about 22-24 percent using vacuum suction from below .nner 
forming fabric 13 before being transferred to transfer fabric 17, which was travel, ng 
at about 6.3 meters per second (1 0 percent rush transfer). The transfer fabnc 17 
was a Voith Fabrics 2164-A33 fabric. Vacuum shoe 18 pulling about 420 
millimeters of mercury vacuum was used to transfer the wet tissue web 1 5 to the 
20 transfer fabric 17. 

The wet tissue web 15 was then transferred to a throughdrying fabric 19 
(Voith Fabrics t4803-7, substantially as shown in FIGURE 28). The throughdrying 
fabric 19 was traveling at a speed of about 6.3 meters per second. The wet t,ssue 
web 15 was carried over a pair of Honeycomb throughdryers (like the throughdryer 
21 and commercially available from Valmet, Inc. (Honeycomb Div.) in Biddeford. 
ME) operating at a temperature of about 195 degrees C and dried to final dryness 
of at least about 97 percent consistency. The resulting uncreped dried tissue web 
23 was then tested for physical properties without conditioning. 

The fabric side of the resulting towel basesheet may appear substantially as 
shown in FIGURE 29. The air side of the resulting towel basesheet may appear 
substantially as shown in FIGURE 30. 
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The resulting dried tissue web 23 had the following properties: Basis 

rn Qtretrh «5 5 Dercent; CD Tensile Strength, 
Weight, 42 grams per square meter, CD Stretch, b.o percen . 

1524 grams per 25.4 millimeters of sample width; Single Sheet Cahper. 0.55 
dimeters; MD Stretch. 8.0 percent; MD Tensile Strength. 1765 grams per »4 
millimeters of sample width; and, an wedding ring pattern as shown ,n FIGURES 
29 and 30. 

It will be appreciated that the foregoing examples and description, given for 
purposes of illustration, are not to be construed as limiting the scope of th.s 
invention, which is defined by the following claims and all equivalents thereto. 
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1 A woven sculpted fabric for the manufacture of a tissue web having a t,ssue 
contacting surface inducing at least a first group of strands 
Inds wherein the first group of strands extend in a first direction and the second 
group of strands extend in a second direction and the first group of strands are 
adapted to produce eievated floats and depressed sinkers, defining a three- 
dimensional fabric surface comprising: 

a) a first background region having a set of substantially parallel first 
elevated floats separated by a set of substantially parallel first 
depressed sinkers, comprising first depressed sinkers posifioned 
between adjacent first elevated floats and comprising first elevated 
floats positioned between adjacent first depressed sinkers; 

b) a second background region having a set of substantially parallel 
" second elevated floats separated by a set of substantially parallel 

second depressed sinkers, comprising second depressed s.nkers 
positioned between adjacent second elevated floats and compns.ng 
second elevated floats positioned between adjacent second 
20 depressed sinkers; and, 

c) a transition region positioned between the first and second 
background regions, wherein the first elevated floats of the first 
background region descend to become the second depressed 
sinkers of the second background region and the second elevated 

25 floats of the second background region descend to become the first 

depressed sinkers of the first background region. 

2 A woven sculpted fabric for the manufacture of a tissue web having a tissue 
contacting surface including at least a first group of strands and a second group of 
30 strands wherein the first group of strands extend in a first direction and the second 
group of strands extend in a second direction and the first group of strands are 
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adapted to produce elevated floats and d pressed sinkers, defining a three- 

dimensional fabric surface comprising: 

a) afirstbackgroundregionhavingasetofsubstantiallyparallelfirst 

elevated floats separated by a set of substantially parallel first 
' depressed sinkers, comprising first depressed sinkers positioned 
between adjacent first elevated floats and comprising first elevated 
floats positioned between adjacent first depressed sinkers; 
a second background region having a set of substantially parallel 
second elevated floats separated by a set of substantially parallel 
second depressed sinkers, comprising second depressed s.nkers 
positioned between adjacent second elevated floats and compnsmg 
second elevated floats positioned between adjacent second 
depressed sinkers; and, 

a transition region positioned between the first and second 
background regions, wherein the first elevated floats of the first 
background region become the second elevated floats of the second 
background region and the first depressed sinkers of the first 
background region become the second depressed sinkers of the 
second background region. 

20 

3 The woven sculpted fabric of Claim 1 or 2, wherein at least one of the first 
elevated floats overtop at least one of the second elevated floats wKhin the 
transition region. 

25 4. Thewovenscu.ptedfabricofC.aim1or2,whereinthedirectionofthefirst 
group of strands is in the machine direction. 

5. The woven sculpted fabric of Claim 1 or 2. wherein the direction of the first 
' group of strands is at an acute angle to the machine direction. 
30 
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6. Thewovensculp.eC.abnco.aaimlora.wherein^direoUono.^W 
grou p o, euands Is subs.sn.iany clonal * the second direction o. .he second 
group of strands. 

5 7. The«ovenscu,p te d fe bnco.aa i m1or2.where i na.,eas,oneo..he fire . 
depressed sinkers is a mulMrand firs, depressed sinker. 

8. The woven sculpted fabnc of Claim, or 2. wherein a. leas, one o. .he second 
depressed sinkers Is a multi-sUand second depressed sinker. 

10 

9. The woven sculpted fabric o. Calm 1 o, 2. wherein a. leas, one of .he firs, 
elevated floats ia a multi-strand first elevated float. 

10. Thewovenscu,pted.abricofC,a,m1 or 2, wherein a. leas, one of the second 
15 elevated floats is a multi-strand second elevated float. 

1 1 . The woven sculpted fabnc o. Claim 1 or 2. wherein the transit region has 
greater surface depth than the first background region. 

20 12. Thewovenscu,p.ed f abrico.C,almtor2.w.e re in«,en3ns W onregionhas 
greater surface depth than the second background region. 
1 3. The woven sculpted fabric of Claim 1 or 2. wherein me transit regton is 



filled. 



14. The woven sculpted fabric of Claim 1 or 2. wherein the transition region has 
substantially the same surface depth of the first background region. 

15. Thewovenscu.ptedfabricofC l aim1or2 ( whereinthetransitionregionhas 
30 substantially the same surface depth of the second background region. 
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16. The woven sculpted fabric of Calm 1 or 2. where* the maximum plan 
difference of the first elevated floats is at least about 0.12 mm. 

5 17. ThewovensculptedfabricofClaim t 

a, (east about 30% of the width of one of the first efevated floats. 

18. The woven seated fabric of Claim 1 or 2. wherein the maximum plane 
10 difference of the second elevated floats is at least about 0.12 mm. 

19 The woven sculpted fabric of Cfaiml or 2. wherein each of the second 
eteveted floats has a wldlh, and .he maximum plane reference of .he second 
elevated floe* is a. leas. about 30% of me wldfh of one of .he secend e,eva.ed 

15 floats. 

20 The woven sculpted fabric of Cla»n 1 or 2. wherein me first background 
region has a firs, backbond texlure and fire second background region has a 
second background texture. 

20 

21 Thewovensculp.edfabncofCla m 20.wherelna 1 efirstbackground.ex. U re 
ofthe firs, background region is subaantolly .he same as the second background 
texlure of the second background region. 

25 22. rhewovenscu lpte d ra bricofClalm20.whereinmefirs.back g round.ex1ure 
o, me firs, background region Is different man .he second background textere of 
the second background region. 

23 The woven sculpted fabric of Clear, 1 . wherein each first elevated fioat has a 
30 firs, beginning p*t and a firs, ending point each second elevated floa. has a 
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second beginning point and a second ending point wherein the first ending port of 
at least one of the first elevated float is separated in the transition region by a gap 
having a width ranging from about 10 mm to about negative 10 mm from the 
second ending point of at least one of the nearest second elevated floats. 

5 

24. The woven sculpted fabric of Claim 23, wherein the gap has a width rang.ng 
from about 4 mm to about negative 4 mm. 

25. The woven sculpted fabric of Claim 1 or 2, wherein the maximum distance 
10 between adjacent first elevated floats is at least about 0.3 mm. 

26. The woven sculpted fabric of Claim 25, wherein the maximum distance 
between adjacent first elevated floats is greater than the width of one of the 
adjacent first elevated floats. 

15 

27. The woven sculpted fabric of Claim 1 or 2, wherein the maximum distance 
between adjacent second elevated floats is at least about 0.3 mm. 

28. The woven sculpted fabric of Claim 27, wherein the maximum distance 
20 between adjacent second elevated floats is greater than the width of one of the 

adjacent second elevated floats. 

29. The woven sculpted fabric of Claim 1 or 2, wherein the woven sculpted fabric 
is a forming wire. 

25 

30. The woven sculpted fabric of Claim 1 or 2, wherein the woven sculpted fabric 
is a through air drying fabric. 

31 . The woven sculpted fabric of Claim 1 or 2, wherein the woven sculpted fabric 
30 is a transfer fabric. 
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32 The woven sculpted fabric of Claim tor 2. herein Ih tissue contacting 
surface of the woven sculpted fabric is non-macroscopicaily monoplane,. 

6 33. Thewovenscu,p.edfabncofC,aim2,wterein.ne,rans«ionre g ionis™ed 

with a polymeric resin. 

34 The woven sculpted fabnc of Claim 2. wberein each nra, eievated float has a 
tt beginning point and a first ending point, each second elevated float has a 

a , M one of me fire, elevated float la separated in Ore transrbon regron by a gap 
Cg a width ranging from about 10 mm to about 0 mm from the second end.n, 
point of at least one of lire nearest second elevated floats. 
„ 35. Thewovenscul P «adfab*ofClai m 34.»t,e re in.hegapha S a»1d» 1 ranging 
from about 4 mm to about 0 mm. 
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b) 



36 A method of making a tissue product comprising: 

a) depositing an aqueous suspension of papermaking fibers onto a 
forming fabric thereby forming a wet tissue web; 
transferring the wet tissue web to a woven scuipted fabric having a 
tissue contacting surface including at least a first group of strands 
and a second group of strands wherein the first group of strands 
extend in a first direction and the second group of strands extend ,n a 
second direction and the first group of strands are adapted to 
produce elevated floats and depressed sinkers, defining a three- 
dimensional fabric surface comprising: 

0 a first background region having a set of substantialiy parallel 
first elevated floats separated by a set of substantially parallel 
first depressed sinkers, comprising first depressed sinkers 
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positioned between adjacent first elevated floats and 
comprising first elevated floats positioned between adjacent 
first depressed sinkers; 
ii) a second background region having a set of substantially 
5 parallel second elevated floats separated by a set of 

substantially parallel second depressed sinkers, comprising 
second depressed sinkers positioned between adjacent 
second elevated floats and comprising second elevated floats 
positioned between adjacent second depressed sinkers; and, 
10 iii) a transition region positioned between the first and second background 

regions, wherein the first elevated floats of the first background region descend 
to become the second depressed sinkers of the second background region and 
the second elevated floats of the second background region descend to 
become the first depressed sinkers of the first background region; and. 
1 5 c) drying the wet tissue web. 



37. A method of making a tissue product comprising: 

a) depositing an aqueous suspension of papermaking fibers onto a 
forming fabric thereby forming a wet tissue web; 

20 b) transferring the wet tissue web to a woven sculpted fabric having a 

tissue contacting surface including at least a first group of strands 
and a second group of strands wherein the first group of strands 
extend in a first direction and the second group of strands extend in a 
second direction and the first group of strands are adapted to 

25 produce elevated floats and depressed sinkers, defining a three- 

dimensional fabric surface comprising: 

,) a first background region having a set of substantially parallel 
first elevated floats separated by a set of substantially parallel 
first depressed sinkers, comprising first depressed sinkers 
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positioned between adjacent first el vated floats and 
comprising first elevated floats positioned between adjacent 
first depressed sinkers; 
ii) a second background region having a set of substantially 
5 parallel second elevated floats separated by a set of 

substantially parallel second depressed sinkers, comprising 
second depressed sinkers positioned between adjacent 
second elevated floats and comprising second elevated floats 
positioned between adjacent second depressed sinkers; and, 
10 Hi) a transition region positioned between the first and second 

background regions, wherein the first elevated floats of the 
first background region become the second elevated floats of 
the second background region and the first depressed sinkers 
of the first background region become the second depressed 
sinkers of the second background region; and, 



15 



c) drying the wet tissue web. 



38. The method of Claim 36 or 37, wherein the wet tissue web has a consistency 
of at least about 20 percent when the wet tissue web is transferred to the woven 

20 sculpted fabric. 

39. The method of Claim 36 or 37, wherein drying the wet tissue web comprises 
noncompressive drying. 
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40 The method of Claim 39. wherein the nonoompressive drying the wet tissue 
«„ comprises tough air drying on a throughdtfng fabnc thereby forming a dned 
tissue web. 

5 41 The method of Claim 40, wherein the speed of the throughdrying fabric is 
from about 10to about 80 percent siower than the speed of the forming fabnc. 

42. The method of Claim 40, further comprising transferring the wet tissue web 

about 80 percent slower than the speed of the forming fabric. 

43. The method of Claim 42. wherein the speed of the transfer fabric is 
substantially the same as the speed of the woven sculpted fabric. 
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44 The method of Claim 36 or 37, wherein at least one of the first elevated floats 
overiap at least one of the second elevated floats within the transition region of the 
woven sculpted fabric. 

45. The method of Claim 36 or 37, wherein the direction of the first group of 
strands of the woven sculpted fabric is in the machine direction. 

46 The method of Claim 36 or 37, wherein the direction of the first group of 
strands of the woven sculpted fabric is at an acute ang.e to the machine direction. 
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47. The method of Claim 36 or 37, wherein the direction of the first group of 
strands of the woven sculpted fabric is substantially orthogonal to the second 
direction of the second group of strands of the woven sculpted fabnc. 

48. The method of Claim 36 or 37, wherein at least one of the first depressed 
sinkers of the woven sculpted fabric is a multi-strand first depressed sinker. 

49. The method of Claim 36 or 37, wherein at least one of the second depressed 
sinkers of the woven scu.pted fabric is a multi-strand second depressed sinker. 

50. The method of Claim 36 or 37, wherein at least one of the first elevated floats 
of the woven sculpted fabric is a multi-strand first elevated float. 

51 . The method of Claim 36 or 37. wherein at least one of the second elevated 
1 5 floats of the woven sculpted fabric is a multi-strand second elevated float. 

52. The method of Claim 36 or 37, wherein the transition region has greater 
surface depth than the first background region. 
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53. The method of Claim 36 or 37. wherein the transition region has greater 
surface depth than the second background region. 

54. The method of Claim 36 or 37. wherein the transition region is filled. 

55. The method of Claim 36 or 37, wherein the transition region has substantially 
the same surface depth of the first background region. 

56. The method of Claim 36 or 37. wherein the transition region has substantially 
the same surface depth of the second background region. 
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57. The m thod of Claim 36 or 37, wherein the transition region is filed with a 
polymeric resin. 

58. The method of Claim 36 or 37. wherein the maximum plane deference of the 
5 first elevated floats is at least about 0.t2 mm. 

59. The method of Claim 36 or 37. wherein each of .he M elevated floats has a 
* and .he maximum plane difference of me firs, elevated ft* is a. leas, 
about 30% of the width of one of the Are. elevated floats. 
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60. The method of Claim 36 or 37. herein the maximum plane deference of me 
second elevated floats is at least about 0.12 mm. 

61 . The method of Claim 36 or 37. wherein eaco of the second elevated floats 
16 has a width, and .he maximum P ,ane difference o, me second elevated floats ,s a. 

least about 30% of the width of one of the second elevated floats. 

62 The method of Claim 36 or 37, wherein the fire, background region has a fire, 
background lexture and ,he second background region has a second background 

20 texture. 

63 The method of Claim 62. wherein die fire, background texUrre of me firs, 
background region Is substanfially the same as me second background fexhtre of 
the second background region. 

64 The method of Claim 62, wherein the first background texture of the first 
background region is different than the second background texture of the second 
background region. 
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65 The method of Claim 36. wherein each first elevated float has a first 
beginning point and a first ending point, each second elevated float has a second 
beginning point and a second ending point wherein the first ending port of at least 
one of the first elevated float is separated in the transition region by a gap having a 
width ranging from about 10 mm to about negative 10 mm from the second endmg 
point of at least one of the nearest second elevated floats. 

66. The method of Claim 65. wherein the gap has a width ranging from about 4 
mm to about negative 4 mm. 

67. The method of Claim 36 or 37. wherein the maximum distance between 
adjacent first elevated floats is at least about 0.3 mm. 

68 The method of Claim 67. wherein the maximum distance between adjacent 
15 firstelevatedfloatsisgreaterthanthewidthofoneoftheadjacentfirstelevated 

floats. 

69. The method of Claim 36 or 37, wherein the maximum distance between 
adjacent second elevated floats is at least about 0.3 mm. 

20 

70. The method of Claim 69, wherein the maximum distance between adjacent 
second elevated floats is greater than the width of one of the adjacent second 
elevated floats. 

25 71 . The method of Claim 36 or 37, wherein the wet tissue web is macroscopically 
rearranged to conform to the tissue contacting surface of the woven sculpted 
fabric. 

72. The method of Claim 36 or 37, wherein the woven sculpted fabric is a forming 
30 wire. 
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73. The method of Claim 39, wherein the wet tissue web is at least partially 
throughdried on the woven sculpted fabric. 

5 74. The method of Claim 36 or 37. wherein the woven sculpted fabric is a 
transfer fabric. 

75. A tissue product made by the method of Claim 36 or 37. 

10 76. The tissue product of Claim 75, wherein the tissue product has a density that 
is substantially uniform. 

77. The tissue product of Claim 75, wherein the tissue product has a machine 
direction stretch of greater than about 1 0 percent, further comprising a softness 

1 5 agent disposed on a surface of the tissue product. 

78. The method of Claim 36 or 37, wherein the tissue contacting surface of the 
woven sculpted fabric is non-macroscopically monoplanar. 
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79. The method of Claim 40, wherein the dried tissue web is not creped. 

80. The method of Claim 40, wherein the dried tissue web is transferred to a 
Yankee dryer. 

81 . The method of Claim 80. wherein the dried tissue web is removed from the 
Yankee dryer without creping. 

82. The method of Claim 80. wherein the dried tissue web is removed from the 
Yankee dryer with creping. 

30 
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83. The method of Claim 40, firmer comprising dewatertng me we, tissue web by 
an air press. 

84. The method of Ciaim 40. further comprising dewatertng me weUissue weh by 
a, tort one of impulse dryin 9 . radiofrequency drying, long nip pressing, wet 
pressing, steam drying, high intensity nip drying, and infrared drymg. 

85. The memco of Ciaim 06 or 37. herein to we, tissue web is treated with a 
10 chemical strength agent and craped two or more times. 

86 The method of Claim 37. wherein each first elevated float has a first 
beginning point and a firs, ending point, each second elevated float h* a second 
beginning point and a second ending point wherein the firs, endrng pom, of a, leas, 
, 5 „„e o, me firs, elevated float is separated In me transition region • 
width ranging from about 10 mm to about 0 mm from me second endrng porn, of 
least one of me nearest second elevated floats. 

87. The method of Claim 86. wherein me gap has a width ranging from abou. 4 
20 mm to about 0 mm. 

88. The memod of Cairn 36 or 37. wherein toe woven sculpted fabric is a forming 



wire. 
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89. The method of Claim 36 or 37, wherein the woven sculpted fabric is a 
through air drying fabric. 

90. The tissue product of Claim 75, wherein the tissue product has a machine 
direction stretch of greater than about 10 percent. 
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